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THE REVERSAL OF THE EFFECTIVE STROKE OF 
THE LABIAL CILIA OF SEA-ANEMONES 
BY ORGANIC SUBSTANCES. 


By G. H. PARKER 


N a paper published a few months ago (Parker, :05), I called 
attention to the fact that the reversal of the effective stroke of the 
labial cilia of the sea-anemone Metridium marginatum, which takes 
£ 
place when a piece of crab-meat or fish-meat is placed on its lips, could 
be brought about by potassium ions. The facts, however, that the most 
J 


effective solution in this respect, § #2 NaCl containing } # KCl, caused 
an excessive discharge of nettle capsules and an abnormal secretion of 
slime, and that the meat which induced reversal contained much less 
potassium than the weakest artificial solution that would bring about 
this change, led me to conclude that in the natural feeding of these 
animals some other materials than potassium ions must be the cause 
of the reversal. As I had previously tested the more likely inorganic 
substances and obtained negative results, except with potassium, I 
turned to the organic materials contained in meat, and my results in 
this direction are contained in the present paper. 

For a number of the organic substances that I used and for other 
assistance during the progress of the work, I am under obligations to 
Dr. Otto Folin, of the McLean Hospital for the Insane, whose studies 
on metabolism had led him to prepare in a high degree of purity a 
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number of substances found in meat and important as reagents in the 
present undertaking. 

In testing these substances, I usually pursued the following plan. 
Fresh sea-anemones were brought directly from the seashore, and 
experiments were carried out with them on the day on which théy 
were collected and on the following day, z.¢., before the change 
of surroundings had materially influenced their ciliary reactions. In 
testing the various substances, a small piece of the best quality of 
chemical filter paper about one millimetre square was moistened in 
sea-water and placed on the lip of a given animal. In cutting and 
transferring such paper squares, care was taken that they should not 
become soiled by contact with the fingers or other sources of organic 
contamination. On being placed on the lips they almost invariably 
became caught in the mucus covering these parts and were swept 
outward by the underlying cilia. When such a piece of paper reached 
the outer edge of the lip, it was lifted off by the forceps with which 
it had been previously handled and kneaded ona clean glass plate 
with a small amount of the substance to be tested. In this way the 
substance, either as fine particles or as a partial solution, was well 
worked into the paper. The paper thus charged was next placed on 
the same spot on the lip from which it had been previously wafted 
outward and its course observed. After the paper had been dis- 
charged from the outer edge of the lip, or was well started down the 
cesophagus, it was picked off with forceps and the lips were thoroughly 
rinsed by squirting sea-water on them through a pipette. The animal 
was then allowed an interval of at least ten minutes in which to 
recover. For each substance tested four such trials were made on 
each animal at different parts of its lips, and four or five animals were 
used in each set of experiments. The following records indicate 
briefly the results of these trials. 

Uric acid. — In these tests squares of filter paper, whether they 
contained uric acid or not, were invariably wafted outward over the 
lips, and thus this substance showed not the least evidence of revers- 
ing the ciliary stroke. 

Creatinine. — Like uric acid, creatinine was ineffective as a 


ciliary reversing agent. This was somewhat surprising, for, as 
will be shown immediately, creatine is most vigorous in this re- 
spect. The creatine molecule (CyH,N,O,) differs chemically from 
that of creatinine (C,H,N,O) only by one molecule of water, and 
yet the latter on repeated trials gave not the least evidence of 
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changing the ciliary stroke, whereas the former reversed it most 
efficiently. 

Creatine. — As 1 have just stated, creatine reverses the effective 
stroke of the labial cilia with great regularity. Squares of filter paper 
which had been previously wafted outward, were moved when impreg 
nated with creatine exactly as pieces of meat were, 7.¢., when first 
put on the lip they moved slightly outward or remained motionless 
for a few seconds and then began slowly moving down the cesophagus 
where they disappeared into the interior of the animal. 

To ascertain further particulars about the nature of this reaction, 
I prepared a solution of creatine by adding toa 8 m solution of sodium 
chloride enough creatine to make a 7 solution of this substance. 
From this stock solution two weaker solutions of creatine were made, 
a 44 and a #t, by adding appropriate quantities of a 3 7 solution of 
sodium chloride 

When a square of filter paper which has previously been discharged 
from the lips is soaked with the (% solution of creatine and is replaced 
on the lips, it behaves exactly as a piece of meat does, in that it first 
moves slightly outward, then irregularly, and finally inward. Fur- 
ther, when a piece of the ciliated lip of a sea-anemone is cut off and 
placed in sea-water under the microscope, the direction of its ciliary 
movement can be readily determined. If now the sea-water is with- 
drawn and the material is flooded with the artificial fluid contain- 
ing § m sodium chloride and 7. creatine, ciliary reversal takes place 
within a minute or less and the reversed action continues as long as 
the tissue is covered with this fluid. On exchanging the fluid for ordi 
nary sea-water, the normal direction of the ciliary stroke is quickly 
restored. 

The reversal by creatine, unlike that produced by potassium ions, 
is unaccompanied by an excessive discharge of nettle capsules or by 
a special secretion of slime; in fact, reversal by means of this sub 
stance is in all respects like that produced by meat juice 

Results similar to those just described were obtained from the 
3, solution of creatine, except that filter paper soaked with this 
solution was not invariably swallowed and the solution itself induced 
reversal on pieces of the lip under the microscope only after about 
two minutes. In other words, this solution, though capable of revers- 
ing the stroke, was not so efficient in this respect as the {%/ solution 

All attempts to obtain reversal by applying filter-paper squares 


soaked in a 7’ solution of creatine or by immersing a piece of the lip 


4 G. H. Parker. 


in such a solution, gave negative results, and I therefore conclude that 
a 7 solution is too weak to induce reversal. 

Since a 4, solution will regularly reverse the ciliary stroke, and 
contains about the same proportion of creatine as has been found in 
vertebrate muscle, I believe that creatine is one of the effective 
materials in the reversal caused by fish-meat. Doubtless the potas- 
sium ions also present in the juices of such meat augment this 
action, though, as I have elsewhere stated (Parker, :05, p. 8), they 
are present in such meat in insufficient amounts to induce this 
action by themselves. 

The opirion expressed by von Fiirth (:03, p. 436) that creatine is 
a substance found only in vertebrates, though perhaps not absolutely 
beyond doubt, suggests that in crab-meat, which also quickly reverses 
the ciliary stroke, some other organic material effective in this 
respect, may be present; but on this question I have had no oppor- 
tunity to make direct observations. 

Other substances. — Since it seemed probable, from what has been 
stated in the preceding paragraph, that other organic materials than 
creatine were capable of reversing the ciliary stroke, I tried a few of 
the more available of these without reference to their occurrence in 
meat. No reversal was obtained from cane sugar, grape sugar, 
maltose, or sugar of milk (Patch’s preparation) either when applied 
in solutions or in powders kneaded into filter-paper squares. Crys- 
tals of cane sugar when dropped on the lips slowly dissolve, but so 
long as an undissolved particle remains, it moves outward. This 
agrees with my earlier observations on this substance (Parker, 96, 
p. 115), and I conclude that the sugars probably play no part in the 
reversal of the ciliary stroke in Metridium. 

With other food substances my experiences were different. 
Squares of filter paper which had previously been discharged from 
the lips of the sea-anemone were passed down its cesophagus, when they 
were impregnated with Witte’s peptone, or with deuteroalbumose 
as prepared by Dr. Folin (’98, p. 156). In both these instances the 
reversal was as quick, and in other respects as normal, as with 
creatine. Asparaginic acid, which is by no means so soluble in sea- 
water as the peptone or the deuteroalbumose, also reverses the 
stroke, though sometimes the reaction is slow in appearing. These 
three cases, however, are of importance in showing that other organic 
substances than creatine may induce perfectly normal ciliary reversals, 
and suggest that the chemically complex mixtures which serve as 
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food for the sea-anemones probably contain numerous substances that 
might alone cause ciliary reversal, and thus aid in the feeding habits of 
these animals. I have already expressed my belief (Parker :05, p. 8) 
that the ingestion of pieces of india-rubber, which is accomplished 
in Metridium marginatum by ciliary reversal, is dependent on some 
soluble organic material in the rubber, and the fact that several 
organic substances have now been found to cause reversal, supports 
this opinion, though Torrey (:04, p. 210) has argued from what he 
has found in Sagartia davisi, that this reaction is dependent rather 
upon mechanical than chemical stimulation. 

From the reactions to such food substances as peptone and deu- 
teroalbumose, as well as from the reactions to creatine, I conclude that 
the reversal of the effective stroke of the labial cilia of Metridium in 
normal feeding is produced by the action of large organic molecules 
and not by ions, though, as previously stated, potassium ions, if 
sufficiently concentrated, will induce reversal. 


SUMMARY. 


1. The effective stroke of the labial cilia in Metridium marginatum 
is not reversed by uric acid nor by creatinine, but is reversed by 
creatine. 

2. A $m solution of sodium chloride containing 7: or 7%, of crea- 
tine will cause reversal, but one containing 7% of creatine will not. 

3. Since vertebrate muscle contains about the same proportion of 
creatine as the weaker reversing fluid, it is probable that creatine is 
an effective element in bringing about ciliary reversal when fish-meat 
is applied to the lips of Metridium. 

4. No reversal was obtained with cane sugar, grape sugar, maltose, 
or sugar of milk. 

5. Reversal was produced by Witte’s peptone, deuteroalbumose, 
and asparaginic acid. In these three instances, as well as in the 
case of creatine, the reversal was unaccompanied by the excessive 
discharge of nettle capsules and of slime, and in other respects 
resembled the reversal produced in normal feeding. 

6. The reversal in normal feeding is due chiefly to the chemical 
action of organic molecules, and not to ion action, though potassium 
ions, if sufficiently concentrated, will cause reversal. 
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SOME NEW LABORATORY APPARATUS. 
P. BEEBE axp B. H. BUXTON. 


[From the Department of Experimental Pathology, Cornell University Medical 


YEVERAL new pieces of apparatus have recently been installed 
in the laboratory of the Department of Experimental Pathology, 


and it has seemed worth while te give a brief description of some of 


them. 


AUTOMATIC COMPRESSED AIR AND VACUUM APPARATUS. 


This consists of two small pumps, quite similar in construction to 
bicycle pumps, driven by one-fourth horse power, 110 volt direct 
current motor. Each pump is connected to a 20-gallon iron tank 
from which the supply pipes are led to various parts of the laboratory. 
Each tank has an adjustable automatic switch through which the 
current supplying the motor is led. Since one motor runs both 
pumps, it is necessary to have the motor controlled by each tank in- 
dependently. The automatic switch on the compression tank may 
be adjusted so that any desired pressure up to 40 pounds per square 
inch may be constantly available. We find a pressure of 20-25 
pounds the most suitable. 

The vacuum pump reduces the pressure to 60 millimetres of mercury. 
The compression tank is fitted with a safety-valve so that the pressure 
may not get too high in case one uses a large amount of vacuum. In 
actual practice it is seldom called into use. This apparatus has proved 
to be very convenient. The only attention it needs is to be oiled every 
second day. The uses to which compressed air may be put in the 
laboratory are various; the vacuum is used principally for filtering, 
particularly bacterial cultures, and in those laboratories that have, as 
this one does, a very low-water pressure, it is invaluable. The vacuum, 
however, is not sufficiently low for many distillation processes 
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CENTRIFUGE. 


A centrifuge of high power is a necessity in a modern laboratory. 
Since we could not find one in the market which in price and speed 
answered our requirements, we have had one specially made. 

The cut shows the general plan of the machine. A steel disc two 
feet in diameter and one-quarter of an inch in thickness has ten 
shallow slots cut in its periphery, and steel straps holding the tube 
trunnions are bolted firmly to the disc on each side of these slots. 
(The disc has recently been modified somewhat from the condition 
shown in the cut. Slots have been made for four large tubes instead 
of two as shown, and the 
straps holding the trun- 
nions have been fastened 
to the disc by two bolts 
each. Reducing collars 
are provided so that the 
large trunnions may be 
used for the small tubes 
if desired.) The small 
tubes are of the same 
size as those usually 
found on the small hand 
centrifuges for urine an- 
alysis. The large ones 
hold 150 cubic centime- 
tres each. 

The disc is mounted 
on a heavy steel shaft 
running in a ball bear- 
ing which is so con- 
structed as to carry all 
the weight of the disc. 
The driving pulley is 
bolted to the lower end 
of this shaft. A belt of steel armor three-eighths of an inch in thick- 
ness surrounds the whirling plate. We have recently had a steel cover 
one-fourth of an inch in thickness made for the protective drum, and 
this is held in place by four screw clamps. These precautions are re- 
quired because of the speed and weight of the moving parts. When 


FIGURE l. 
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running at 3000 revolutions per minute, which is the usual speed, the 
large tubes exert a pull of 1500 kilograms and the small tubes a pull 
of 435 kilograms, the peripheral speed being 20,000 feet per minute. 

The machine is operated by a direct current motor of 3 nominal 
horse power, but at our usual speed four horse power in current is 
actually required. Because of the high pressure (20 atmospheres) to 
which the glass tubes are subjected, it is necessary to float them in 
oil in the steel jacket tubes. For all of our work thus far with the 
large tubes we have used them without the inner glass tubes. 

The work which this machine does is, however, of more interest 
than its mode of construction. Blood corpuscles are thrown down 
in a solid clump in two minutes, and to get a perfectly clear serum 
we need only to get the machine up to full speed and turn the current 
off almost immediately. With bacterial cultures a very clear fluid is ob- 
tained in eight minutes. We have made no tests to determine whether 
a sterile liquid could be obtained by prolonged centrifugation. The 
usual process of filtering through porcelain is a tedious one because of 
the plugging of the filter with the bacteria, but the centrifugated liquid 
obtained by eight minutes run at a speed of 3000 revolutions filters 
very readily, for practically all of the bacteria are left in aclump at 
the bottom of the tube and can be washed with but slight loss. If 
the bacteria have first been agglutinated by immune serum, an abso- 
lutely clear fluid is obtained in four minutes run. 

This machine has been of great use to us also in working with pro- 
teids. Many proteid précipitates are filtered with extreme difficulty, 
and when one is dealing with a substance so easily injured and so 
liable to bacterial contamination it is of prime importance to finish 
the various operations of filtering and washing as rapidly as possible. 
The proteid precipitate is thrown down into a solid clump by this 
machine and the supernatant liquid poured off perfectly clear. We 
have found it particularly useful in preparing nucleoproteids from 
various glands. It has been possible to get out nucleohiston in a 
pure dry condition within twenty-four hours after the removal of the 
gland. In all such cases this machine not only saves a large amount 
of time, but enables one to get a much better product. 


DryiInG APPARATUS. 


For many purposes the common method of drying proteids by 
means of alcohol is not suitable, and the practice of evaporating and 
drying in shallow plates in a vacuum or floating on a low-temperature 
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water bath is usually employed when one does not wish to injure the 
proteid. We have devised an apparatus which facilitates the drying 
of proteids at low temperatures. 


FIGURE 2. 


The construction of the desiccator is shown by the diagram. A long 
shallow iron box has holes cut in the bottom to receive the drying 
plates. The electric fan drives a current of air through the box, and 
this current is warmed by passing through the heater, which is simply 
a portion of the box having a large number of copper strips passing 
from top to bottom. These strips are kept hot by the gas flame 
below. The temperature may be regulated either by the gas flame 
below the heater or by the speed of the air current. With the 


temperature at 4o C. the rate of evaporation is much more rapid 
than when the plates are floated on a water bath. 


Evectric WATER BATU. 


The cut shows the principle of the apparatus, which is simple in the 
extreme. A 110 volt, 16 candle power incandescent lamp, with a 
small rheostat in the circuit, is surrounded by a cone-shaped double 
layer of thick felt. From above a beaker can be dropped in; the 
height of the cone being so arranged that when the flange of the 
beaker rests on the top of the cone its bottom just clears the lamp. 
A circular piece of asbestos, pierced so as to receive a thermometer, 
serves as a cover for the beaker. This apparatus has been found 
especially useful for inactivating serum at definite temperatures of 
50, 51°,etc. up to60. The beaker is partially filled with water, and 
warmed to two or three degrees above the desired point in an ordinary 
gas water bath. The tube containing the serum is then placed in the 
beaker, the temperature rapidly sinks, and as soon as it is a shade 
above that required, the beaker is dropped into the felt cone, which 
has previously warmed up by means of the electric lamp. For 
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temperatures below 60> C. the water bath must be constantly watched, 
and the light raised and lowered by changing the resistance with the 
rheostat. In this way the temperature can 
be kept within one-twentieth of a degree on 
either side of a desired point. For this particu- 
lar line of work we had a special thermometer 
made, marked in fifths of a degree from 48 to 
62°C. 
The water bath can also be regulated for 
higher temperatures, even up to 90 C., and 
has been much used for sterilizing bacterial 
suspensions and other fluids at various degrees 
below boiling-point. For temperatures above 
60° a little experience soon enables one to set 
the rheostat at the right point to maintain an 
even temperature, and the water bath can then 
almost be left to take care of itself. The 
chief advantage of this apparatus over the 
ordinary gas water bath is that the temper- 
ature can be much more accurately regulated 
with comparatively little care and attention. 
We have found also that the heat from 
an incandescent lamp of 16 candle power is 
a very satisfactory means of boiling the ether 
in the ordinary fat extraction apparatus. There 
is no danger that the boiling will be too 
rapid, and in case of accident to the ether 
flask there is little danger of the vapor taking fire. It is much 
more convenient than the safety water bath made for gas burners. 


SOME OBSERVATIONS ON THE CARBOHYDRATE 
METABOLISM IN PARTIALLY DEPANCREATED 
DOGS. 


3y PERCY W. COBB. 


[From the Physiological Laboratory of the Western Reserve University, Cleveland, Ohio.] 


HE following observations are offered as a contribution to the 
subject of carbohydrate metabolism in depancreated dogs: 

The operation of pancreas extirpation was carried out after the 
technique of Witzel.! Four dogs were operated on. Two of these 
lived only a few days, three and seven days respectively. In the 
former the D: N ratio was over 3.0, and the autopsy showed a large 
duodenal ulcer. The latter gave a high D:N ratio, and the autopsy 
showed a good state of recovery as far as the site of operation was 
concerned, but extensive red hepatization involving parts of both 
lungs. 

Another dog lived forty days from the time of operation, but the 
course of the diabetes was not typical, the urine containing less than 
one per cent of dextrose after the second day and no trace on the 
twelfth and the three days following. After this the estimations were 
discontinued. The fact that there was no typical diabetic condition 
makes this case of no interest in the present connection. 

The remaining dog lived twenty or twenty-one days.?_ The results 
of nitrogen and sugar estimation are given in the table. The sugar 
estimation was made by Pavy’s ammoniated copper method, and con- 
trolled by the polarimeter. The disagreement between the two seen 
in the results for the twelfth and sixteenth days of the experiment 
might be due to several causes, one of which could be the presence 
of beta-oxybutyric acid. On the other hand, acetone and aceto-acetic 
acid, the usual concomitants of that substance, were never definitely 
shown to be present. 

1 Wi1TzEL: Archiv fiir die gesammte Physiologie, 1904, cvi, p. 173- 

* As it died between Saturday and Monday, the exact number of days cannot 


be given. 
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Observations on Carbohydrate Metabolism. 


Nitrogen Dextrose 
| 


wash- | 
ings. Per 
c.c. cent 


Red 
Total Per 


cent 


None 
None 
None 
None 
None 
None 
None 
None 


None 


gm. meat 


om. mez 


g 
gm. meat 
2d, 200 gm. meat 


3d, 50 gm. butter; 
meat refused 
refused 


Died between 4th and 6th. No sugar in specimen catheterized p 
mortem 


1 Operation February 13. > Totals for 2 days 

2 February 16, weight 7,700 gm. * No aceto-acetic acid 
Catheterized specimen only was used. Pan soiled by faces 

6 No acetone, no aceto-acetic acid 

7 Trace of acetone by iodoform test; none by ferric chloride test 


8 Weight post mortem, 4,410 gm 


It will be seen that the D: N ratio was here never as high as 3, and 
that it decreased after the first six days almost to zero, increasing 
again when feeding (with lean meat) was begun. 


4 
13 
? | 
i Jay 
Day Day I) 
of Food 
§ exp. Re 
Total 
cent 
2 14-15 540 2.42 | 13.08 +.87 | 4.81 | 25.97 || 1.99 
3 15-16 +10 2.45 | 10.19 5.01 5.10 20.9] 2.06 
42 16-17 300 2.67 8.00 569 5.388 17.64 20 
5 17-18 372 1.9] 7.12 3.92 | 4.07 | 15.14 2.13 
6-7 18-20 983 % 1.43 | 14.07 2.40 | 2.82 | 27.72 1.97 
8S 20-2] 30S 2.00 6.17 1.39 $98 0.69 
9-104 21-23 500+-3 1.53 | 7.66 - 0.48 2.76% 0.3) 
1] 23-2+ , 7 320 1.02 3.25 i 0.24 0.77 |, 0.24 
12 24-25 | 24th, 200 gm. meat 296 1.50 $.45 0.8S | 1.22 3.6] 0.5] 
g 13 25-26 | 25th, 200 gm. meat 162 3.10 5.02 = 3.76 6.09 |; 1.21 
14 26-27 26th, none (?)4 2.32 1.14 0.49 
15 27-28 | 27th, 200 ga «= 253 2.20 | 5.57 ee 2.41 6.10 || 1.10 
16 28-] Sth 20) at =. 243 2.26 5.49 1.68 | 2.19 5.32 || 0.97 
Mar 
17 ]-2 233 2.12 +.93 2.67 | 2.43 5.66 Ai 
18® 2-3 153 4.02 6.15 ag 263 $02) 065 
197 3-4 70 2.62 | 1.83 a 0.46 0.32 || 0.18 
20-218 YO 1.35 1.2] ee 0.00 0.00 O00 
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As to the possible source of the sugar excreted a word is to be said. 
The total sugar recovered was 146.3 gm., equivalent to 131.7 gm. 
glycogen. The weight of the animal was 7.7 kg. If, then, the sugar 
was all derived from the body-glycogen, the latter must have been 
131.7 

7:7 
maximum, which is given by Pfliiger as 40 gm. per kg.,! and in view 
ad ’ 5 ) > om 4 
of the fact that the dog was in a good state of nutrition and had been 


or 17 gm. per kg. body weight. This would be well within the 


starved but one day before the day of operation, it is reasonable to 
conclude that the body-glycogen was sufficient to account for all the 
sugar eliminated. 

Against the body-glycogen as the source of all the sugar stands the 
fact that the feeding of meat caused a large increase in the sugar- 
excretion. For the twenty-four hours before feeding was started the 
total sugar excreted was 0.77 gm. If we subtract this from any sub- 
sequent daily amount, the remainder would represent the excess of 
sugar for that day, due to the feeding. Summing up these excesses 
gives 26.2 gm. dextrose excreted as the result of feeding 1200 gm. 
meat. If all this sugar came from the glycogen of the meat, it would 
imply that the meat contained 1.97 per cent glycogen. This is con- 
siderably above the normal percentage, and indicates some other 
source for the sugar excreted. 

The autopsy disclosed a large abscess, bounded by the bend of the 
duodenum, the lobe of the liver above, and the duodenal mesentery 
below; from which about 10 c.c. of pus was obtained. The liver was 
tested for sugar by Pavy’s alcohol-extraction method, and for glycogen 
by Pfliiger’s method, no trace of either being found. Fat was found 
in the liver to the extent of 3.64 per cent of the fresh liver, or 16.5 
per cent of its solids. 

A search for unremoved remainders of pancreas revealed what ap- 
peared to the eye to be a small piece of pancreatic tissue, triangular, 
lobulated, and measuring about 1x 1x % cm. Microscopically no 
alveolar structure could be seen in this piece of tissue. Sections of 
the mesenteric part of the duodenum were also made; microscopically, 
islands of tissue were found having a distinct alveolar structure; and 
in one instance the alveoli were seen to be filled with a structureless, 
apparently colloid material. The conclusion is that the extirpation 
was incomplete. 


1 Vide Lituje: Archiv fiir die gesammte Physiologie, 1904, cvi, p. 160. 
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The feature of interest in this piece of work is the increase in 
absolute sugar-excretion, and as well in the D:N ratio resulting from 
the feeding of proteid. If we grant that the sugar is derived from 
the proteids of the body and of the food, this work adds weight toa 


view which has already been taken by Liithje:! 


that the sugar from 
endogenous proteids is more readily oxidized by the tissues in the 


diabetic state than is the sugar derived from exogenous proteids 


1 LUTHyseE: Miinchener medicinische Wochenschrift, 1903, 1, p. 1539. 
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COMPARATIVE PHYSIOLOGY OF THE INVERTEBRATE 
HEART.— PART III. PHYSIOLOGY OF THE CARDIAC 
NERVES IN MOLLUSCS (continued). 


By A. J. CARLSON. 


[From the Hull Physiological Laboratory, University of Chicayo.] 
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I. THe CArRpDIAC NERVES OF THE PULMONATES. 


OME observations on the physiology of the cardiac apparatus with 
reference to the cardiac nerves have been made on the snail 
(Helix) by Foster and Dew-Smith, Ransom, and Yung.! Foster and 
Dew-Smith came to the conclusion that there are no nerve fibres in 
the substance of the heart of this mollusc, and they failed to find any 
nerve the stimulation of which in any way affected the heart. Ran- 
som obtained the very opposite results. He not only found nerve 
fibres in the walls of the heart, but he showed by direct observation 
that stimulation of the left member of the pair of nerves which take 
their origin on the median protuberance of the pleuro-visceral gan- 
glion arrests the auricle and the ventricle in diastole during the stimu- 
lation, and on cessation of the stimulation the rhythm reappears with 
increased rate and strength of beats. Ransom did not obtain any 
evidence of the presence of cardio-accelerator nerves. 

My own work comprises three pulmonates, Ariolimax columbianus, 
Limax maximus, and Helix dupetitouarsi. The slugs, particularly 
Ariolimax, are very favorable for work along this line, because, thanks 
to their relatively large size, the visceral nerve is easily isolated and 
the ventricle is of sufficient size and strength to lend itself to graphic 


1 FosTER and DEw-SMITH: Proceedings of the Royal Society, 1875, xxiii, 
». 318; RANsom: Journal of physiology, 1884, v, p. 261; YUNG: Mémoires cou- 
ph) 8) 
ronnées de l’académie royale de Belgique, 1888, xlix, p. 1. 
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registration. Even the delicate auricle may be made to lift a very 
light recording lever. Helix is much smaller than the two slugs, and 
in consequence the visceral nerve is shorter and the heart smaller 
and weaker; but in the largest specimens a length of nerve of about 
3.5 cm. between the ganglion and the heart can be obtained, and by 
delicate manipulation both the ventricle and the auricle can be made 
to lift the recording lever. 

The largest available specimens (about 20 cm. in length) of Ario- 
limax were chosen for the experiments. The following method of 

tl 


exposing heart and the visceral nerve was found to be the most 


the 
suitable. The slug was stretched out as much as possible without 
tearing the foot and the mantle and in this condition fixed to a board, 
ventral side down, by needles through the anterior and posterior ends 
The dorsum was slit open on the right side near its union with the 
foot throughout the whole length of the animal, the foot fixed to the 
board by needles, and the dorsum turned over to the left and similarly 
secured to the board. In this way the whole viscera and the nervous 
system are exposed without severing any of its relations. The kidney 
is aided. ah the ventral side, but as the heart is situated dorsal 
to the kidney, the left side of it has to be turned to the side and 
secured to the board by pins in order to expose the heart. The 
dorsal wall of the pericardium is slightly transparent, so that the 
movements of the heart may be observed through it; but the peri 
cardium was usually slit open near its union with the kidney on the 
left side, even when the movements of the heart were studied by 
direct observation only, as this could be done without severing the 
cardiac nerves. The visceral nerve contains motor fibres to the 
musculature of the kidney, and it is therefore necessary to fix the kid- 
ney and the pallial complex to the board in such a way that the con- 
traction of the kidney does not affect the movements of the heart 
After isolating the visceral nerve down to its penetration of the kidney, 
the viscera were removed and the preparation ready for the experi- 
ments with direct observation. 

When the visceral nerve ts stimulated with a weak interrupted « 
rent, the rhythm of the beating ventricle ts augmented or a rhythmica 
sertes of beats produced in the quiescent ventricle. This is the case 
whether the heart is left in the intact pericardial cavity and thus 
subjected to the pressure from the contraction of the kidney, or 
whether the pericardial cavity is laid open and the kidney pinned to 


the side so that its contraction does not affect the heart. It is further 
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more true of the ventricle after it has been separated from the auricle, 
so that variations in intracardiac pressure do not come into play. 
The effect on the auricular rhythm of stimulation of the visceral nerve is 
twofold, accelerator and inhibitory; and both these effects are obtained 
even after severing the ventricle, so that the accelerator and inhibi- 
tory nerves must enter the auricle at its junction with the venous 
sinus. The nerve to the ventricle enters by the aortic end, as severing 
the auricle does not impair the influence of the visceral nerve on the 
ventricle, but after severing the heart at the aortic end stimulation of 
the nerve seems to have no further effect on the ventricle. 

For the graphic registration of the movements of the ventricle a 
silk ligature was secured to the heart at the auriculo-ventricular 
junction, and the board to which the preparation was fixed supported 
in a clamp, just as in the experiments of the heart of the abalone and 
the limpet.'!. From the way that the nerves reach the ventricle it 
ought to be possible to remove the ventricle from the kidney, save 
only a small fringe of the latter around the aorta in which the nerves 
pass to the ventricle, and suspend the ventricle by the aorta and the 
auricle, still retaining the ventricular nerves intact; but practically I 
found this very difficult to accomplish. The former method of sus- 
pension yields reliable results because nothing interferes with the 
movements of the ventricle and the preparation is readily made. 

Typical tracings showing the augmentation of the ventricular 


rhythm on stimulation of the visceral nerve are given in Fig. 1. The 


tracing A is the most common form of the accelerator curve. The 
augmentor effects reach their maximum quickly and last but a few 
seconds, and are followed by decreased rate and strength of the beats 
even during the stimulation, the original rhythm returning gradually. 
In tracing # no such depressor after-effects appear in the rhythm; 
the augmentation reaches its maximum very gradually, and the cessa- 
tion of the stimulation leaves the ventricle in improved rhythm as 
compared to that at the beginning of the stimulation. A relatively 
strong interrupted current is required to obtain this type of augmenta- 
tion. By using an interrupted current of minimal strength in fresh 
and vigorous preparations the augmentation sometimes appears in 
increase of the rate without attendant change in the strength of the 
contraction or in the tonus (Fig. 1, C). In such cases there are no 
depressor after-effects of the slight acceleration. 

In fresh preparations and with a strength of the interrupted current 


1 CARLSON: This journal, 1905, xiii, p. 396. 
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slightly above the minimal the augmentation was frequently followed 
by arrest of the ventricle in diastole for a few seconds, the prolonged 
pause in the rhythm being accompanied by a decrease in tonus (Tig. 
2,A, PB). This is obviously an extreme form of the decrease or 
inhibition of the rhythm that usually follows the augmentation (Fig 
1,4). As in the case of the ventricle and the ventricular nerve of 
Montereina, this inhibitory interference with the rhythm appears in 
some cases even when the preceding acceleration is very slight. In 
such instances it is difficult to believe that the marked decrease in the 


FHT TT TTT 


FIGURE 1.— Tracings from the ventricle of Ariolimax 
nerve. A, &, and C, interrupted current; 2, constant 


cells). Showing augmentation of the rhythm 


height and rate of contraction is due to fatigue of the muscle from 
the previous slight augmentation, and one is led to consider the 
influence of possible cardio-inhibitory fibres in the visceral nerve. By 


comparing the tracings A and P (Fig. 2) it will be seen that the 


phenomenon is at least in one sense an after-effect of the stimulation 
of the nerve, for the continuation or the cessation of the stimulation 
appears to be indifferent to the appearance of the diastolic pause. 
If the interference with the rhythm is really due to the influence of 
inhibitory nerves, these inhibitory nerves must continue to send 
impulses to the ventricle for some time after the cessation of the 
stimulation of the nerve. This might readily be the case if the nerves 
were injured by the stimulation, but it is difficult to understand how 
the inhibitory fibres can be thus injured and not at the same time 
the accelerator fibres. 

In three preparations out of thirty I obtained tracings showing 
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slight inhibition of the ventricular rhythm on stimulation of the vis- 
ceral nerve with a weak interrupted current. One of these tracings 
is reproduced in Fig. 2, C. In this case the inhibition is manifested 
by decrease in the rate of the beats together with a slight tonus re- 
laxation. The decrease in the strength of the contractions is very 
slight. The inhibitory effects are more readily obtained when the 
ventricle is isolated from the kidney, the pericardium, and the auricle 
in the usual way, but left in the pericardial cavity instead of sus- 
pended and weighted with the recording lever. As a rule the inhibi- 
tion is obtained by a weaker strength of the stimulus than suffices to 
produce the augmentation; but in the majority of the preparations 
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Ficure 2.— Tracings from the ventricle of Ariolimax on stimulation of the visceral nerve. 
Heart severed at auriculo-ventricular junction. C,constant current; 4, 4, interrupted 
current. Showing possible inhibitory effects of the stimulation of the cardiac nerve. 


even the most delicate graduation of the strength of the interrupted 
current failed to produce anything but augmentation of the ventricu- 
lar rhythm. The fact that the inhibition is less readily obtained 
when the ventricle is subjected to the load of the lever may be due to 
the accelerator effects of the tension. Mechanical stretching of the 
ventricle is, within limits, a very efficient stimulus to rhythmic ac- 
tivity, and the effect of this stimulus has to be overcome in the 
suspended but not in the collapsed ventricle. 

The records in Fig. 3 illustrate the effect on the ventricle of stimu- 


lating the visceral nerve with single induced shocks. Single shocks 
of the same strength as the interrupted current which produces dis- 
tinct augmentation of the rhythm have no effect on the ventricle 
unless sent through the nerve at the rate of three or four per second, 
in which case the effect on the ventricle is the same as that of the in- 
terrupted current. Single shocks of somewhat greater intensity usu- 
ally produce the typical acceleration and subsequent inhibition of the 
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rhythm even when applied to the nerve at as low a rate as one every 


other second (#):; while if induction shocks of very great strength 


dD 


1 


are employed, these effects may be produced by a single shock to the 
nerve (A). It is very probable that the nerve is injured by the in 
duced shock of a strength sufficient to produce these effects 

The direct current from two Edison-Lalande cells usually produces 
augmentation of the rhythm for some seconds at the beginning of its 
application to the visceral nerve or the pleuro-visceral ganglion; but 
in four preparations distinct inhibitory effects on the ventricle were 


obtained. A typical tracing showing this reaction is reproduced in 


Fig. 1, D. The visceral nerve was stimulated near the ganglion, con 


f 

FiGul rds fiom the ven f Ai nax, show 

of 1g the viscera] nerve with sing S } {1,5 
shocks 

sequently more than 4 cm. from the ventricle, by the current from 


two cells. The augmentation appears both in the rate and the 
strength of contractions. 

The ventricular rhythm following the cessation of the stimulation 
of the nerve is in most cases the same as that preceding the stimu 
lation; but in some instances the stimulation left the ventricle in a 
greatly improved rhythm. 

It was stated that the visceral nerve has no influence on the ven 
tricle after severing the heart at the ventriculo-aortic junction, but 
that after this operation its influence on the auricle remains the same 
as in the intact heart. This can be shown by the ordinary graphi 
method, the recording lever being connected to the heart by a silk 
ligature at the aortic end. A typical tracing from the combined aurt 
cle and ventricle obtained in this manner is reproduced in Fig. 4 
The irregularities in the curves are caused by the lack of synchrony 
between the auricular and the ventricular beats. The co-ordination 
in the cardiac rhythm is always interfered with under conditions ob 
taining for taking the records, the auricle usually beating faster than 
the ventricle. This may be caused in part by the tension of the 


lever, which must be a more efficient stimulus for the auricle than 
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for the ventricle, as the walls of the auricle are much more delicate. 
By examining the myogram in Fig. 4 it will be seen that between 
each strong and apparently simple contraction are interposed two, 
but sometimes only one, weaker beat in which irregularities appear. 
The stronger and apparently single beats are the combined contrac- 
tions of the auricle and the ventricle, and appear only when the sys- 
tole and the diastole of the two organs coincide. The weaker and 
irregular beats are the results of lack of coincidence, the systole of 
the one being simultaneous with the diastole of the other. We 
shall presently learn that the most usual and potent influence of the 
visceral nerve on the auricle is inhibitory. This inhibitory action on 
the auricle and the absence of effect on the ventricle are clearly evi- 


FIGURE 4.— Tracing showing the combined rhythm of the auricle and ventricle of Ario- 


limax, heart connected with the lever at the aortic end. Auricle and ventricle are beat- 
ing with independent rhythms. Showing inhibition of the auricle and no effect on the 
ventricle by stimulation of the visceral nerve after severing the heart at its junction 


with the aorta. 


dent in the myogram, for when the visceral nerve is stimulated with 
a weak interrupted current the irregularities in the curves disappear, 
but the main rhythm continues with unaltered rate, the beats not 
reaching the height of the apparent single contractions just referred to. 
The disappearance of the irregularities is due to the inhibition of the 
auricular rhythm. The irregularities reappear as soon as the auricle 
“escapes” from the inhibitory influence. The curves from the ven- 
tricular beats must of necessity be lower than the curves produced by 
the combined contractions of the auricle and the ventricle. On 
close examination of the ventricular rhythm during the stimulation of 
the nerve there will usually be found a gradual but slight increase in 
the strength of the beats at the beginning of the stimulation. This 
might be caused by an inhibitory influence that gradually loses its 
efficiency or by an accelerator influence of gradually increasing effi- 
ciency. But the phenomenon is not constant. The rate of the ven- 
tricular beats is not affected by the stimulation. In the tracing 
reproduced in Fig. 4 the rate prior to and during the stimulation is 
30 per second; on cessation of the stimulation the rate is 31 per 
second. 

To obtain tracings of the movements of the auricle alone, a silk 
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ligature was secured to the ventricle near its union with the auricle. 


The tying of the thread injures the ventricular muscle to such an 
extent that the small portion left in connection with the auricle 
makes no further contractions, while if the ligature is secured at the 
auriculo-ventricular junction the injury to the auricle is usually great 
enough to interfere with the rhythm, It was stated that the stimula- 
tion of the visceral nerve augments the rhythm both of the auricle 
and the ventricle in the intact heart. When the auricle has been 
subjected to the manipulations and conditions for graphic registra- 
tion, the accelerator effects cannot always be obtained, the usual and 
the most marked effects being the inhibitory; but when augmenta- 
tion of the rhythm follows stimulation of the nerve, the curves pro 


FiGURE 5.— Tracings from the auricle of ariolimax showing inhibition of the rhythm 


stimulation of the visceral nerve. Auricle severed from the ventricle 


duced closely resemble those showing the accelerator effects on the 
ventricle.. The augmentation of the auricular rhythm is sometimes 
preceded by a slight inhibition, and always followed by a decrease in 
the rate and strength of the beats for a few seconds prior to the 
return to the original rhythm. 

Tracings illustrating the inhibitory effects on the auricular rhythm 
are reproduced in Fig. 5. The arrest of the auricle in diastole may 
be accompanied by a slight apparent increase in tonus; but much 
stress cannot be laid on this apparent tonus reaction, for the rise of 
the lever during the stimulation may be caused by the contraction 
of the kidney at the base of the auricle, as it is impossible to fix the 
kidney to the board so that the contraction of the portion immedi- 
ately adjoining the base of the auricle is not communicated to the 
lever without severing the auricular nerves. When the inhibition is 
complete, the cessation of the stimulation is usually followéd by an 
improved rhythm. Usually, however, the complete arrest of the 
beats lasts but afew seconds; but while the beats reappear, the condi- 
tions of the rhythm show plainly that the auricle is under the inhibi- 
tory influence for a much longer time or sometimes as long as the 
nerve is stimulated. The inhibitory influence appears in the rhythm 
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that prevails during the stimulation, either in reduced rate of the 
beats or in decrease both in pulse rate and strength of contraction. 
When the stimulation of the nerve with a weak interrupted current is 
long continued, the beats that appear during the stimulation some- 
times show a grouping similar to that observed in the ventricle of 
Bulla on stimulation of the pleuro-visceral commissures. 

Single induced shocks of the same intensity that proves efficient in 
the tetanic series do not appear to affect the auricle when applied to 
the nerve at a rate less than three or four per second. 

The evidence obtained from the myograms thus supplements and 
corroborates that from direct observation: the auricle is provided 
with both augmentor and inhibitory nerves; the ventricle ts similarly 
provided with augmentor nerves and in all probability also with inhib- 
ttory nerves, but the tnflucnce of the augmentor nerves ts predominant. 

The slug Limax is only about one-half the size of Ariolimax, but 
in the largest specimens the visceral nerve is large enough to be 
easily found and isolated, and it is sufficiently long (3 to 4 cm.) 
for the purposes of the experiments. In one respect this slug is 
more favorable for the work than Ariolimax, namely, in the small 
quantity of mucus secreted while being prepared. The great 
abundance of very sticky mucus excreted by the giant slug becomes 
a real hindrance both in the dissection and in the experiments. In 
Limax the mass of the kidney is dorsal and slightly posterior to the 
heart and the pericardium is transparent, so that when the dorsum is 
slit open and pinned to the side inthe manner described for Ariolimax 
so as to expose the viscera, the action of the heart can be studied 
without laying open the pericardial cavity. When the visceral nerve 
in this preparation is severed from the pleuro-visceral ganglion, the 
ventricle ceases to beat and remains in diastole for several seconds. 
Stimulation of the severed or the intact nerve with the weak inter- 
rupted current has the same effect, namely, inhibition of the ventricle 
in diastole during the stimulation. On cessation of the stimulation 
the rhythm is resumed. The effect on the auricle is usually the 
opposite of that on the ventricle, the auricular rhythm is augmented. 
At the ‘beginning of the stimulation interference in the auricular 
rhythm together with a diastolic pause of slightly longer than the 
normal duration sometimes appears, but the original or in most 
cases an augmented rhythm reappears in a few seconds. 

When a strength of the interrupted current just sufficient to 
cause partial inhibition of the ventricular rhythm is employed, there 
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is usually no contraction of the kidney, but when a stronger stim 


is used the kidney contracts. This makes it difficult to decide how 
much of the disturbance of the cardiac rhythm is due to the influence 
of the cardiac nerves, and how much to changes in pressure brought 
about by the contraction of the kidney. That the change in pressure 
figures little, if any, in bringing about the change in the rhythm is 
shown by the fact that the effect on the heart of stimulation of the 
visceral nerve is the same after the pericardium has been slit open 
and the kidney pinned to the board so that its contraction does not 
produce any change in pressure on the heart. 
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FIGURE 6 lracings from the ventricle of Limax on stimulation of t sceral ner 
Heart severed at the aortic junction. 2, showing the accumulat effects of tl 
single induced shocks to the nerve. The tracings show onl; cular it 


as the auricle is too feeble to affect the lever 


The inhibitory effect on the ventricle is the same after severing 
the heart at the aortic end, but after severing the heart at the 
auriculo-ventricular junction, the aortic end remaining intact, or 
after severing the auricle at its base, the stimulation of the nerve has 
no further effect on the ventricle. The severing of the heart at the 
aortic end does not impair the influence of the nerve on the auricle 

The myograms reveal additional conditions of the rhythm as 
influenced by the stimulation of the visceral nerve. The contrivance 
for obtaining the graphic records was the same as for Ariolimax, 
only the lever had to be much lighter, as the strength of the heart is 
less. The tracings in Fig. 6 are from the ventricle left in connection 
with the auricle, but severed from the aorta, a preparation similar to 
that made use of in Ariolimax in obtaining the myogram in Fig. 4. 
The tracings from the Limax preparations show a perfectly regular 
rhythm, while the tracing from the Ariolimax preparation shows 
a fairly regular irregularity. The uniformity of the rhythm in 
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the preparations from Limax is not brought about by the coincidence 
of the auricular and ventricular systoles and diastoles, but by the 
inability of the auricular contractions to affect the lever, the auricle 
being too feeble. 

With moderately strong stimulus the arrest of the ventricle is 
complete during the stimulation (Fig. 6, 4). The cessation of the 
stimulation may be followed by an improved rhythm (2). The in- 
hibition of the rhythm is accompanied by decrease in tonus, more 
evident on direct observation than in the tracings, because of the 
tension to which the delicate ventricle is subjected by the weight of 
the lever. In fact, in some of the records there appears to be an 
increase instead of a decrease of tonus in the ventricle during the 
stimulation of the nerve; but this rise of the lever is not due to a 
tonus contraction of the ventricle, but to contraction of the kidney 
to which the base of the auricle is attached; as I was not in every 
case successful in so fixing the kidney to the board that its contraction 
did not in any way affect the lever, and at the same time leaving the 
cardiac nerves unimpaired. The recovery of the ventricle from the 
inhibitory effects is gradual, that is, the effects last slightly longer 
than the stimulation; this is particularly the case when an interrupted 
current of great strength is used or if the preparation is fatigued. 
With a minimal stimulus the strength of the beats is greatly reduced, 
but the rate of the beats may not be appreciably altered (C). At 
first it appeared to me that the diminutive beats appearing on the 
nearly complete diastole might be those of the auricle, the arrest of 
the ventricle being complete, but on direct observation this is seen 
not to be the case, as diminutive beats clearly appear in the walls 
of the ventricle. 

The accumulative effects on the ventricle of the stimulation of the 
visceral nerve are brought out in records like the one reproduced in 
Fig. 6, D. The position of the secondary coil remains unchanged, 
and when the tetanic series is sent through the nerve it is followed by 
prompt and complete arrest of the ventricular rhythm. When the 
shocks are applied to the nerve at the rate of one per second, the 
rhythm of the ventricle is not affected; when the shocks reach 
the nerve at the rate of two per second, the inhibitory effects appear 
six seconds after the beginning of the stimulation; while the inhibi- 
tion following the same shocks applied to the nerve at the rate of 
three per second appears almost as quickly as when the tetanic series 


is made use of, 
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During the course of an experiment it was frequently found that 
after repeated stimulations of the visceral nerve with the interrupted 
current, the action of the nerve on the auricle was much lessened o1 
completely abolished, while its influence on the ventricle was but 
slightly impaired. This peculiar condition is of frequent occurrence 
It may be that the nervous mechanism to the auricle is more readily 
fatigued, or its control of the organ less complete than that of the 
ventricular nervous mechanism; or the simultaneous stimulation 
of the two antagonistic sets of nerve fibres to the auricle may, under 
some conditions not yet understood, tend to counteract each other, so 
that their influence would not be evident, while the stimulation of 
the one kind of nerves to the ventricle produces the usual inhibition 
of the rhythm. 

The absence of effect, inhibitory as well as accelerator, on the 
ventricular rhythm of stimulation of the visceral nerve after the heart 
has been severed at the auriculo-ventricular junction has already 
been noted. In view of the fact that in Ariolimax the main, if 
not the sole, nervous supply to the ventricle reaches the ventricle 
at the aortic end, one would expect the same relation to obtain in 
the closely related Limax ; but that is, according to all evidence, 
not the case. 

These experiments make it evident that the auricle of Limax ts 
provided with both augmentor and inhibitory nerves, and that th 
ventricle ts supplied with inhibitory nerves, which enter it through the 
walls of the auricle, The difference that thus obtains between 
the innervation of the ventricle in the two slugs appears to me too 
great to be actual in the case of two animals so closely related. 
There is no doubt of the existence in Ariolimax of accelerator fibres 
to the ventricle, entering it at the aortic end, and we have seen that 
there is some evidence that inhibitory fibres reach the ventricle 
in the same way; while in Limax there is no doubt of the presence 
of inhibitory nerves, which appear to reach their destination solely 
through the auricular walls. Despite my failure to find accelerator 
fibres to the ventricle of Limax, I would not be surprised if further 
researches should reveal their presence. 

Two species of Helix were available for the work. Both are of 
smaller size than the slug Limax, and for that reason less suited for 
the experiments, as the visceral nerve is relatively short and not so 
readily isolated. The heart is smaller than that of Limax, but the 
ventricle is strong enough to register its contractions graphically 
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without any trouble, and I even succeeded in obtaining ordinary 
myograms from the auricle, although it is less than half the size and 
strength of the ventricle. There is less difference in size and 
strength between the auricle and the ventricle in Helix than in the 
two slugs, and the auricle of Helix is more muscular and actually 
stronger than the auricle of Limax. The snail was taken up with the 
view of testing the observations of Ransom (1884) on the heart and 
heart nerves of the same genus; and also with the hope that the 
cardiac nervous mechanism of this pulmonate might afford some 
clue to the apparent discrepancies found in the two slugs. 

The heart of Helix is placed dorsal to the visceral mass and the 
left of the kidney. The pericardium and the visceral envelope dorsal 
to the heart are transparent, so that after removal of the shell the car- 
diac rhythm can be observed without previous dissection in the region 
of the heart. Foster and Dew-Smith (1875) state that the slitting open 
the pericardium and exposing the heart has a decidedly injurious effect 
on the rhythm. I did not find this to be the case. If care was taken 
not to pull or tear the heart or touch it with the instruments, the 
cardiac rhythm was neither accelerated nor retarded by the operation ; 
but if the heart was injured in any way, irregular rhythm or cessation 
of the beats accompanied by tonus contraction would follow. When 
the heart is exposed but left intact in the pericardial cavity, the rate 
of the beats usually does not exceed 15 per minute. The heart is, of 
course, empty and collapsed, as the removal of the shell and the dis- 
section of the visceral nerve involve extensive bleeding. When the 
visceral nerve in this preparation is stimulated with a weak interrupted 
current, the effect on the heart is complete cessation of the rhythm, 
both the auricle and the ventricle remaining in diastole during the 
stimulation. There is usually no distinct augmentation of the rhythm 
on the cessation of the stimulation. Severance of the auricle does not 
impair the effects on the ventricle of the stimulation of the nerve, nor 
does severance of the ventricle impair the action of the nerve on the 
auricle. It is therefore evident that the nerves enter the ventricle 
at the aortic end and the auricle at its base. If a weak stimulus is 
employed, these effects on the cardiac rhythm can be observed with- 
out any attendant contraction of the kidney and consequent displace- 
ment of the pericardial cavity and the heart; but when the visceral 


nerve is stimulated with a relatively strong interrupted current, the 
kidney and the lung-sac contract strongly. The interference with 
the cardiac rhythm is, however, not caused by the contraction of 
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these organs, because the inhibition is just as marked when the peri- 


cardium has been slit open and the kidney and the lung pinned to the 
board in such a way that their contraction does not affect the heart 
These results are in perfect accord with those of Ransom: the auricle 
and the ventricle of this pulmonate are undoubtedly supplied with 
inhibitory fibres from the visceral nerve. 

When a silk ligature is secured to the auricle near its union witl 
the ventricle, the auricle severed at its base, and the ventricle con 
nected with a light recording lever in the manner described for the 
slugs, the rhythm of the ventricle is immediately improved. Ven- 


tricles beating with a rate of 10 to 15 per minute when lying in the 
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FIGURE 7 Records from the ventricle of Helix on stimulation of the visceral 
Heart severed at the auriculo-ventricular inction. Showing both inhibition ar 


augmentation of the rhythm. Interrupted current. 


pericardial cavity will beat with a rate of 50 to 60 per minute when 

suspended in this manner. The difference in the rate can only be 

due to the tension of the lever. If protected from evaporation the 

suspended ventricle keeps up a regular rhythm for several hours 
Stimulation of the visceral nerve tn the suspended preparation brings 

out both inhibitory and accelerator effects on the auricular as well 

the ventricular rhythm, The inhibitory influence on the ventricle is 


illustrated in tracing A, Fig. 7. The most usual form of the curve 
is a complete arrest of the ventricle in diastole for a few seconds 
at the beginning of the stimulation without any change in the tonus. 
In the suspended ventricles I never succeeded in obtaining complete 
arrest of the rhythm in diastole for more than a few seconds, while in 
the intact heart lying collapsed in the pericardial cavity complet 
inhibition may be obtained for from thirty to sixty seconds, ‘The 
lessened efficiency of the inhibitory influence on the suspended ven- 
tricle is evidently due in part to the tension on the ventricle which 
acts as a constant stimulus, and also to the fact that severing the 


auricles cuts off some inhibitory fibres which, as we shall presently 
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learn, reach the ventricle through the auricular walls. The inhibi- 
tory impulses reaching the ventricle are consequently decreased, and 
this decreased inhibitory influence has to overcome the automatic 
activity of the heart tissue augmented by the powerful accelerator 
stimulation from the tension. The inhibitory effects are almost in- 
variably greatest at the beginning of the stimulation. But frequently 
the inhibition appeared, not in a prolonged diastolic pause, but in de- 
creased rate and strength of the beats. In some cases the decrease 
in the rate is very marked, while the decrease in the strength of the 
beats is hardly perceptible; in other cases the decrease in the strength 
of contraction is more pronounced than the decrease in the rate. The 
inhibitory effects thus far described have been obtained by stimulation 
of the nerve with the interrupted current. Slight inhibition of the 
ventricular rhythm was sometimes obtained during the passage of the 
direct current (two cells) through the nerve. 

The accelerator effects on the ventricle of stimulation of the nerve 
were less frequently observed than the inhibitory effects, and it usually 
required a slightly stronger stimulus to obtain the augmentation. 
The usual form of the myograms showing the augmentation of the 
ventricular rhythm may be gathered from Fig. 7, 8. The augmenta- 
tion appears both in the rate and in the strength of the beats, and it 
is most marked at the beginning of the stimulation. The acceleration 
is usually followed by a transient decrease in the rhythm as compared 
to that preceding the stimulation. In tracings like that reproduced 
in Fig. 7, C, there seems to be a combination of the two effects, 
a slight initial inhibition being followed by a marked increase in the 
strength of the beats. In two preparations augmentation of the 
rhythm was obtained during the passage of the direct current through 
the nerve. These resuits make it evident that ¢he visceral nerve sends 
both inhibitory and accelerator fibres to the ventricle by the aortic end, 
the influence of the inhibitory fibres being the greatest. 

In order to determine whether any augmentor or inhibitory fibres 
reach the ventricle through the auricular walls, the heart was prepared 
and attached to the recording lever by a ligature at the aortic end, 
just as in the slugs. If the lever was adjusted so that its weight was 
the same or only slightly less than in the experiments on the ven- 
tricle alone, the auricular contractions hardly affected the lever; but 
the auricle was able to lift the lever if it was made so light that its 
weight was just sufficient to overcome the friction of the writing 
point against the smoked paper. Under the conditions of the experi- 
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ments there is no co-ordination between the auricular and the ventric- 
ular beats, in consequence of which the tracings show an apparent 
irregular rhythm, similar to that of the auriculo-ventricular preparation 
of the slug (Fig. 4). 

This auriculo-ventricular preparation of Helix sometimes mani 
fested a peculiar irregularity in the rhythm that at first appeared to 
be a periodic variation in the tonus of the muscle. A typical tracing 
of this kind is reproduced in Fig. 8, A. With the fairly constant rate 
and strength of the beats is coupled a series of long undulations of 
the lever in periods of about ten seconds’ duration. The regular pul- 
sations represent the ventricular beats, and the long undulations are 


caused by the movements of the auricle. This is evident from direct 


JV 
FIG ES A, tracing from auricle and vent f Helix, show i] 


rhythm due to tension on the auricl &, grouping of beats or tonus rhythm 
auricle of Helix due to tension 


observation. These movements of the auricle do not represent single 
beats, nor are they tonus contractions; they are, in fact, periods 
of very rapid but diminutive beats separated by prolonged diastolic 
pauses dufing which the auricle relaxes more than during the normal 
diastole. Under certain conditions the auricle, separated from the 
ventricle, beats with this peculiar rhythm, as will be seen by referring 
to Fi 


out even on the tracings, despite the fact that the lever diminishes 


g. 8, 4. The rapid diminutive beats can in these cases be made 
the height of contraction. It will be readily seen that superimposing 
the ventricular rhythm on the curve in Fig. 8, 2, we would obtain a 
record similar to A. 

Stimulation of the visceral nerve in this preparation inhibits the 
ventricular rhythm, just as when the ventricle was left in connection 
with the aorta, but the effects are less marked. No undoubted 
accelerator effects on the ventricle were ever obtained on stimulation 
of the nerve with the heart in this condition. There is sometimes a 
slight indication of an increase in the strength of the beats, but the 


difference is not sufficiently marked to be conclusive. There is 
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however, no doubt about the inhibitory effects; and it is therefore 
certain that some inhibitory fibres reach the ventricle also by the way of 
the auricle. 

We will now turn our attention to the auricular nerves. It has 
already been stated that the lightest lever practicable had to be used 
for the experiments on the auricle; but even this slight weight was 
sufficient to keep the auricle abnormally extended and interfere with 
its rhythm, except in the case of auricles from the largest specimens. 
The ligature by which the lever was attached was secured to the 
ventricle near its union with the auricle. The small portion of the 
ventricle that thus remained attached to the auricle was so injured 
by the ligature that it gave no further contractions, and consequently 
does not figure in the tracings, while if the ligature was secured at 
the auriculo-ventricular junction, the auricle usually received suffi- 
cient injuries to seriously interfere with its rhythm. But with the 
thread tied to the auricular end of the ventricle, and witha light lever, 
the auricle would keep up a perfectly regular rhythm for two to 
three hours, the usual rate of the beats being about 45 per minute. 
Auricles that accidentally received slight injuries in preparation or 
auricles from smaller individuals for which even the lightest lever 
was too heavy, would sometimes exhibit no automatic activity, but 
some of these preparations maintained an irregular rhythm with 
more or less definite grouping of the beats. The preparations show- 
ing these irregularities were not used for the study of the function 
of the auricular nerves. 

The influence of the auricular nerves is twofold: inhibitory and 
augmentor. Typical tracings showing the inhibitory effects are 
given in Fig. 9, A and 2. Asa rule the inhibition is greatest at the 
beginning of the stimulation, and the beats that appear during 
the stimulation are of less frequency and strength than in the original 
rhythm. Cessation of the stimulation is marked by the return of the 
auricle to the original rhythm. The inhibition of the rhythm is not 
accompanied by any change in tonus. In some tracings there ap- 
pears, to be sure, a slight tonus relaxation, in others again a slight 


tonus contraction; but these exceptional reactions are in all prob- 
ability due, not to any change in the tonus of the auricle, but to the 
contraction of the kidney and the lung to which the kidney is at- 
tached, as these could notin every case be so securely fixed to the 
board that their contraction did not affect the lever. In view of the 
influence of the inhibitory nerves on the cardio-tonus of other 
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molluscs, it seems quite certain that these nerves produce decrease 
of the tonus also in the auricle of the snail. That the tonus relaxa 
tion does not appear in the tracings is probably due to the fact that 
the muscle fibres are already abnormally extended by the tension 
from the weight of the lever. A not uncommon form of the myo- 
grams is represented in /. In these myograms the initial inhibition 
is followed by a return of the auricle to the original, or possibly a 
slightly augmented rhythm, for a few seconds, when the inhibitory 


influence again becomes apparent. Similar reactions have already 


' been described for the auricle of Ariolimax, which is also supplied 

FiGukRE 9.— Tracings from the auricle of Helix 

showing both inhibition and augmentatiot I 

rupted current of 8 units strength, augmentation by the current 
with nerves of antagonistic functions; and in the ventricle of Bulla 
to which only accelerator nerves could be found. 

The accumulative effects of the inhibitory nervous impulses ari 
similar to-those already described in the slugs. Single induce 
shocks of moderate intensity must be applied to the nerve ata rate 
not less than one per second to affect the auricle. When stronge: 
shocks are used, they may come further apart and still be effe 
butit is probable that the nerve is injured by the induced current of 
that strength. 

The inhibitory effects are the most marked, and the first to 
obtained when the strength of the stimulus is gradually increass 
from zero to a sufficient intensity to excite the nerve. But if the 

: strength of the stimulus is slightly increased above this point, 


either acceleration or inhibition of the rhythm may be produced 
This is shown in Fig. 9, C. At the left-hand side the nerve is 
stimulated with the interrupted current of the strength of eight units, 
and the auricle is arrested, in diastole; when the strength of the 


stimulus is increased to ten units, the auricular rhythm is augmented. 
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The acceleration appears more in the rate than in the strength of the 
beats. The fact that as arule a slightly stronger stimulus is required 
to produce the acceleration suggests that these results might be due 
to escape of the current directly on to the auricle, but from various 
checks and tests I am satisfied that such is not the case. The 
electrodes were always placed on the isolated nerve close to the 
pleuro-visceral ganglion, and were thus always at a distance of 2.5 to 
3 cm. from the auricle. The strength of the interrupted current that 
produces acceleration is hardly felt on the tongue. When the visceral 
nerve is severed near the heart, the central end remaining on the 
electrodes, and the peripheral end placed near the base of the auricle, 
an- increase in the strength of the stimulus up to five hundred units 
fails to affect the auricle, while with the nerve intact an intensity of 
from ten to fifteen units suffices to produce the augmentation. 

The direct current from one Edison-Lalande cell produces inhibi- 
tion of the auricular rhythm during its passage through the nerve. 
Accelerator effects were rarely produced by the direct current, and 
in the few cases where the tracings show an augmentation of the 
rhythm, the augmentation is usually preceded by a brief inhibition 
of the rhythm. 

The cardio-inhibitory fibres in the visceral nerve of Helix are 
readily excited by all kinds of stimuli: sectioning, crushing, heating 
or drying of the nerve produces definite inhibitory effects, especially 
on the auricle. Ina few preparations the mere placing the nerve on 
the platinum electrodes produced slight inhibition of the auricular 
rhythm. That this reaction was due to local action at the point of 
contact of the nerve with the metal seems to be shown by the fact 
that it remained the same when the wires from the electrodes were 
disconnected so that there was no possibility of the presence of any 
current in the electrodes. The inhibition never amounted to complete 
arrest of the auricle in diastole. The effect was always most marked 
immediately after placing the nerve on the electrodes, and usually 
subsided in ten to twenty seconds. The nerve was always handled 
by means of a silk thread tied to the nerve near the ganglion, so that 
the excitation could hardly be caused by the manipulation. Nor do 
I think that evaporation or drying of the nerve played any part. 
But further studies are required to determine whether the excitation 
is the result of chemical action, or of the making of a circuit for the 


current of injury in the nerve. 
The auricle of Helix is extremely sensitive to mechanical stimula- 
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tion, and such stimulation always accelerates the rhythm, unless 
sufficiently violent to injure the auricle, in which case there is a great 
increase in the tonus of the auricle coupled with a complete abs 

of beats, or at most only a few irregular and diminutive beats. It is, 
of course, possible that what appears to be a tonus contraction Is in 
reality a tetanus contraction. Arrest of the rhythm in diastole was 
never obtained by direct mechanical stimulation. 


These results obtained by the graphic method thus confirm the 


observations of Ransom as far as they go. The auricle and 
ventricle of Helix are supplicd both with accelerator and tnhit 
fibres from the visceral nerve. Inhibitory and accelerator f tey 
the ventricle at the aortic end, and some inhibitory fibres r 

tricle through the auricle. The nerves to the auricle enter at ti 

of that organ. The inhibitory fibres are most readily excited, ana 


their influence on the heart most marked. : 

In comparing the results obtained in these three pulmonates, the 
following points may be noted: (1) There is no difference in the 
innervation of the auricle: both accelerator and inhibitory fibres 
from the visceral nerve entering that organ at its base. (2) Singu- 
lar discrepancies seem to obtain in the innervation of the ventricle. 
In Ariolimax the fibres enter solely by the aortic end, in Limax 
solely through the walls of the auricle, while in Helix nerve fibres 
enter the ventricle both by the aortic and the auricular ends. Similar 
discrepancies appear in the function of the ventricular nerves. In 
Ariolimax the accelerator nerves are paramount, with a mere indica- 
tion of the .presence of inhibitory fibres; in Limax the ventriculat 
nerves appear to be wholly inhibitory; while in Helix there are 
plainly both accelerator and inhibitory fibres, the influence of the 
latter being in preponderance. But I would not go to the extent 
of claiming that the absence of accelerator nerves to the ventricle of 
Limax is proved by my negative results. (3) When we compare the 


results in the pulmonates with those obtained in the marine gastero 
pods, even greater differences come to light. In the lower gaster 


pods (prosobranchs, tectibranchs) the cardiac nerves are uniformly 
accelerator, and apparently only accelerator; at least in one repre- 
sentative (Triopha) of the nudibranchs there is evidence of cardio- 
inhibitory fibres, besides the accelerator fibres; while in t 
gasteropods (Helix, Limax) the inhibitory function of the cardiac 


nerves predominates over the accelerator function, 
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Il. THe Carpiac NERVES OF THE CEPHALOPODS. 


Observations on the physiology of the cardiac nerves in the ce- 
phalopod molluscs have been made in Sepia by Bert (1867), and in 
Octopus by Fredericq (1878), Ransom (1884), and by Bottazzi and 
Enriques (1901).!_ Bert found that stimulation of the visceral nerves 
caused inhibition of the systemic heart. The same results were 
obtained by Fredericq on Octopus. Ransom, who studied the influ- 
ence of the visceral nerves on the systemic heart of Octopus both by 
direct observation and by the graphic method, sums up his results as 
follows: “ The action of the visceral nerves is to cause ordinary in- 
hibition of the ventricle and of the auricle of its own side, but to 
provoke the opposite effect of contraction in the branchial heart and 
the gill of that side.”, The results of Bottazzi and Enriques touching 
these points are to the same effect, namely, that the visceral nerves 
send inhibitory fibres to the auricles and the systemic ventricle, and 
accelerator fibres to the gill ventricles. Neither Ransom nor Bottazzi 
and Enriques are able to affirm anything definite as to the innerva- 
tion of the vena cava and the renal veins. Fuchs? has studied the 
influence of the visceral nerves on the vascular apparatus of Octopus 
by recording the blood pressure by means of a cannula in the ce- 
phalic aorta near the heart. He found that the stimulation of the vis- 
ceral nerves causes great increase in blood pressure coupled with more 
or less complete inhibition of the cardiac rhythm. He refers this 
increase in the blood pressure to the influence of vaso-motor nerves, 
claiming that the change in the blood pressure cannot be ascribed to 
contraction of muscles other than those of the blood vessels, because 
in the majority of cases the stimulation produced no movements of 
the animal. But he had the animal placed on its ventral side, and 
could therefore not observe the displacement of the viscera and the 
extreme contraction of the muscular septa that connect the peri-vis- 
ceral sac with the mantle, which invariably follow the stimulation of 
the nerves. The visceral nerves contain in addition motor fibres to 
the gills and the musculature of the visceral envelope, and it is 


' Bert: Mémoire de société scientifique de Bordeaux, 1867, v; FREDERICQ: 
Archives de zoologie expérimentale, 1878, vii, p. 535; RANSOM: Journal of 
physiology, 1884, v, p. 261; BotTazzi and ENRIQUES 


biologie, Igol, XxXiv, p. ITT. 
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obviously impossible to determine how far the change in the blood 


pressure is due to contraction of the musculature in the walls of the 
blood vessels and how far due to the pressure on the cardiac appara 
tus and the blood vessels exerted by the contraction of muscles that 
do not form a part of the vascular apparatus. 

We will first consider the conditions obtaining in the squid (Lo- 
ligo). After the mantle has been slit open lengthwise in the ventral 
median line, the animal placed on its back in a dish of sea-water, and 
the edges of the mantle fixed to either side so as to expose the 
viscera, the respiratory movements of the mantle and the siphon 
continue for five to ten minutes, but the cardiac apparatus does not 
maintain its co-ordination. The gill ventricles and the systemi 
ventricle are sometimes found in diastolic rest immediately on open- 
ing the mantle cavity, in which case pulsations usually begin on 
mechanical stimulation of the ventricles or on’ severing the visceral 
nerves. The beats commence without resorting to any of these 
stimuli, if the preparation is left undisturbed for fifteen to twenty 
seconds. But more often the renal veins and the gill ventricles are 
pulsating at the rate of 60 to 80 per minute, the systemic ven 
tricle beating very irregularly and in most cases at the rate of only 
8 to 12 per minute. In the preparations in which the rhythm of 
the systemic ventricle was more regular, the rate was always less 
than one-third of that of the gill ventricles, and the beats appeared 
to come in the respiratory pause. The auricles beat with greater 
regularity and faster than the systemic ventricle, but not so fast as 
the gill ventricles. In preparations in which the rhythm of the 
systemic ventricle was very irregular or had ceased entirely, a 
reversal of the contraction wave in the efferent gill sinuses was some 
times observed ; that is, the contraction started at the base of the 
gills and travelled towards the apex instead of starting at the apex 
and travelling towards the base and the auricles in the normal way 
The pulsations of the cephalic vena cava appear to be synchronous 
with the respiratory movements, but they will generally continue 
for some little time after the respiratory movements have ceased 
The anterior part of the vein continues to beat after the posterior 
part has ceased to contract, and when the whole vein is pulsating, 
cross-section of the vein usually stops the pulsations of the posterior 
part, the anterior end of the vein continuing its contractions. 7/ 
véin ceases to beat when the pleuro-visceral ganglia are destroyed. 

The complete loss of co-ordination of the cardiac apparatus in lay- 
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ing open the mantle cavity is probably not due to defective oxida- 
tion of the blood in the gills, for placing the preparation in running 
sea-water does not alter the conditions. The mere slitting open of 
the mantle does not cause so extensive bleeding that the interference 
in the rhythm could be ascribed to the change in internal pressure. 
The influence of the nervous system, together with the change of 
pressure in the mantle cavity, is perhaps the essential factor in bring- 
ing about the loss of co-ordination. No less extensive operation 
suffices to expose the whole cardiac apparatus, and I was there- 
fore never able to observe the norma] rhythm and sequence of the 
different parts. 

The systemic ventricle ceases to beat in four to five minutes, the 
auricles continue somewhat longer, the renal veins and the gill ven- 
tricles generally pulsate with gradually decreasing rate for twenty to 
thirty minutes. The respiratory movements cease in a few minutes, 
particularly if the preparation is taken out of the sea-water; a prep- 
aration in which the respiratory movements have ceased will often 
resume these movements if placed in sea-water. The activity of the 
respiratory centre is therefore probably dependent on afferent impulses 
from the mantle and the gills. The respiration goes on after removal 
of the optic and the cerebral ganglia. In three out of fifty prepara- 
tions severance of the visceral nerves stopped the respiratory move- 
ments, and in these three preparations the movements were -esumed 
after some ten to twenty seconds’ stand-still. 

When in this preparation both of the visceral nerves are dissected 
out, severed from their central connection, lifted out of the water and 
stimulated with a weak interrupted current, the cardiac apparatus 
and the whole visceral mass are compressed and displaced by the 
contraction of intervening muscular septa and the viscero-pericardial 
sac, which closely invests the auricles, the renal veins, and the gill 
ventricles. The systemic ventricle, lying deeper in the visceral mass, 
suffers less actual compression, but it is displaced together with the 
rest of the viscera. If the auricles and the systemic ventricle are 
pulsating, the rhythm ceases and the organs remain in diastole during 
the stimulation in case the interrupted current is relatively strong. 
With a weaker stimulus complete inhibition is obtained for twenty to 
thirty seconds only. On cessation of the stimulation the ventricle 
and the auricles begin to beat with a greater strength and rate than 
prior to the stimulation. 

The renal veins are partly contracted or rather passively com- 
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pressed. In some cases they beat slowly and irregularly during the 


stimulation, in other cases there is a complete arrest of the rhythm 
at the beginning of the stimulation, but irregular and feeble beats 
soon appear. The gill ventricles appear partly contracted, sometimes 
giving a few irregular beats during the stimulation; in few prepara 
tions actual acceleration of the rhythm was produced. On cessation 
of the stimulation the rhythm is resumed, usually with an augmented 
rate and strength of the beats. The gills remain in extreme con 
traction during the stimulation. 

When only one nerve is stimulated the effect on the systemic 
ventricle is the same as when both nerves are stimulated, and the 
effect on the auricle, the gill ventricle, and the gill of the side of the 
stimulated nerve also the same; but the gill on the opposite side is 
not contracted, the gill ventricle beats sometimes slower and some 
times faster, and the auricle appears to be partly inhibited. The 
effects on the renal veins appear to be the same as when both nerves 
are stimulated. 

It is obvious that these conditions do not allow accurate determina 
tion of the influence of the visceral nerves on the cardiac muscle 
For that purpose the displacement, compression, and tension on the 
heart must be excluded. This is most readily accomplished in the 
systemic ventricle. By careful dissection the renal veins can be 
removed from the ventral surface of the ventricle, the attachments 
to other parts of the viscera severed, and the auricles severed close to 
the base of the gills, leaving the nervous connection intact. Thé 
ventricle can now be experimented on 2x sit# or removed from th« 
body together with the visceral nerves and suspended by the anterior 
and the posterior aortz for graphic registration. Usually but one of 
the nerves was dissected out because the dissection requires some 
little time, the nerves die quickly, and the heart ceases to beat soon 
after opening the mantle cavity. 

If the suspended ventricle is pulsating, stimulation of the visceral 
nerve with a weak interrupted current causes inhibition of the rhythm 
in diastole, usually without any change in tonus. A typical tracing 
illustrating these inhibitory effects is reproduced in Fig 


g. 10. The 
weakest stimulus to the nerve produces only a slight decrease in 
the strength of the beats. A greater strength of the interrupted 
current produces complete arrest of the rhythm together with a tonus 
relaxation greater than that during the normal diastolic pause. When 


the visceral nerves are being stimulated with an interrupted current 
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of slightly greater strength than suffices for complete inhibition, the 
paradoxical results shown at 4 and ¢ (Fig. 10) are sometimes obtained. 
In each case there appears a marked tonus relaxation, but the effects 
on the rhythm can hardly be called either inhibitory or accelerating, 
as the rate of the beats is reduced but the strength of the beats 
augmented, and the accelerator effects are further shown by the 
peculiar grouping of the beats, which in some cases approach an 
incomplete tetanus. Records like these were frequently obtained, 
but the augmentation in the strength of the beats was not always so 
conspicuous as in this tracing. Preparations of the systemic ven- 
tricle and the visceral nerve of Loligo that show a regular rhythm 
after the ventricles have been isolated and subjected to the experi- 
mental conditions are the exceptions. The ventricular rhythm usually 
exhibits many irregularities, a frequent one being a definite grouping 


‘ 
Figure 10.— Tracing from the systemic ventricle of Loligo on stimulation of one of the 
visceral nerves. Showing inhibition of the rhythm (a, 4), and a peculiar grouping of 


the “escape” beats bordering on incomplete tetanus when an interrupted current is 


used of slightly greater strength than sufiices to produce complete inhibition (c). 


of the beats in series of two or three. In preparations showing this 
type of rhythm the stimulation of the nerve produced in most cases 
the usual inhibition in diastole; but with a minimal intensity of the 
stimulus the only effect produced in many preparations was a change 
from the irregular to a regular rhythm, that is, le stimulation abol- 
ished the grouping of the beats. On cessation of the stimulation the 
grouping usually reappeared. 

In four preparations I obtained what appeared to be actual accel- 
eration of the ventricular rhythm by stimulation of the visceral 
nerves. Three of these were with the heart 7# sz/u, but the aug- 
mentation in the rate of the beats was so marked that it could 
not be mistaken. In one preparation the accelerator effects were 
obtained in the suspended ventricle. The ventricle beats in groups 
of two, and the strength of the interrupted current that first affects 
the heart increased the number of beats in the group, contrary to the 
usual effect. Increasing the strength of the stimulus slightly pro- 
duced distinct acceleration of the beats, followed by a prolonged 
diastolic pause on cessation of the stimulation. 
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The auricles of the squid are almost too delicate for the graphic 
tegistration. They can, however, be separated more or less com 


of 
gills so that 


pletely from the adjacent tissue, and severed from the 
changes in internal and external pressure are excluded; but when 
the auricles are thus prepared, rhythmical pulsations invariably 
cease. Stimulation of the visceral nerve has the same effect on the 
auricles in this condition as on the resting ventricle, namely, a series 
of beats on cessation of the stimulation, and in some cases also a 
beat at the beginning of the stimulation. 

These results on the systemic heart of Loligo confirm the observa- 
tions of Bert on Sepia. The systemic ventricle and the auricles are 
supplied with inhibitory fibres from the visceral nerves. The results 
indicate, furthermore, that the visceral nerves probably also contain 
accelerator fibres to the ventricle. The evidence to this effect is not 
conclusive, as definite augmentor effects were obtained in only four 
out of the great number of preparations examined. But the 
‘ paradoxical” response of the ventricle on stimulation of the visceral 
nerve (Fig. 10), which was of more frequent occurrence, may indicate 
the presence of cardio-accelerator nerves. Ransom has obtained 
similar reactions in the systemic ventricle of Octopus on stimulation 
of the visceral nerve with a strong interrupted current. According 
to Ransom’s view the stimulation of the inhibitory fibres in the 
visceral nerve produces anabolism in the ventricular muscle, which 
for a time renders katabolism, or beats, impossible; but when this 
anabolic process has reached a certain maximum, the opposite pro- 
cess sets in and the ventricle ‘ escapes” from the inhibitory influence, 
the resulting beats being of greater strength than the normal in 
virtue of the material built up through this “trophic”’ influence of 
the nerve. Ransom applies the same explanation to the augmenta- 
tion of the rhythm that sometimes follows the cessation of the stimu- 
lation of the visceral or inhibitory nerve. On this theory of the 
nature of the action of the inhibitory nerves (on the muscle) it is 
difficult to understand how inhibition of the beats can ever be pro 
duced by stimulation of the nerves without a subsequent augmenta 
tion of the rate and the strength of the beats on cessation of the 
stimulation. It is true that such augmentation is usually present, 
but not invariably so. In Mya, Tapes, Venus, Triopha, Ariolimax, 
Limax, Helix, Loligo, Octopus, and Palinurus, the cardiac rhythm 
may be completely arrested in diastole by stimulation of the inhibitory 
nerves, and the rhythm that follows the cessation of the stimulation 


{ 
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is the same as that preceding the stimulation. The inhibition with 
subsequent augmentation of the rhythm is just as readily explained 
on the assumption that the nervous impulses prevent those processes 
which result in contraction, without affecting the anabolic processes ; 
as under such conditions the anabolism would gain on the katabolism 
during the cessation of the beats, and provided the rate and the 
strength of the beats stand in direct relation to the end products of 
anabolism, cessation of the stimulation or inhibition would of 
necessity be followed by an improved rhythm. 

There is nothing known in the physiology of muscle or nervous 
tissue which would indicate that the processes of anabolism tend to 
check or inhibit the counter processes of katabolism. On Ransom’s 
theory the rapid succession of beats that follow each supermaximal 
beat during the stimulation of the nerve in Fig. 10, 4, c, is simultane- 
ous with the absence of anabolic processes or inhibition. If that was 
the case, one would expect to see similar extra beats or incomplete 
tetanus on cessation of the stimulation, but when the stimulation of 
the nerve ceases the ventricular rhythm assumes quite a different 
form. This goes to show that the peculiarity of the rhythm during 
the stimulation cannot be accounted for solely by the absence of 
inhibitory influences. But further work is required to decide whether 
these paradoxical reactions of the ventricle on stimulation of the 
visceral nerve are caused in whole or in part by simultaneous stimu- 
lation of two antagonistic nervous mechanisms. 

The gill ventricles are still more difficult to isolate so that contrac- 
tion of adjacent musculatures does not affect them. The ventricles 
are partly invested by a delicate muscular envelope of the same color 
as the ventricles themselves. The visceral nerves contain motor 
fibres to this musculature, and stimulation of the nerves tetanizes the 
muscle and compresses the ventricles. The muscular and connec- 
tive tissue envelopes are not easily removed without injury to the 
ventricles and severance of the nervous connections. When the 
ventricles are severed from the gills and the renal veins, and sepa- 
rated as much as possible from the investing tissues, the effect on 


the rhythm is the same as on the systemic heart, that is, inhibition 
of the beats in diastole accompanied by a tonus relaxation. The 
tonus relaxation and consequent dilation of the ventricles is so 
marked that there is no possibility of construing the cessation of the 
rhythm as a tetanus or state of extreme contraction. The inhibition 
of the gill ventricles on stimulation of the visceral nerves may be 
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maintained for a longer time than the similar inhibition of the 
systemic ventricle; and cessation of the stimulation is usually fol 
lowed by an augmented rhythm. 

In rare instances the stimulation of the nerves caused irregularities 
in the rhythm without any distinct inhibition; and in three or four 
preparations the stimulation appeared to cause actual acceleration of 
the rhythm similar to that already described in the systemic ven- 
tricle. If the gill ventricles are quiescent, they usually give one or 
two beats at the beginning of the stimulation and then remain in 
diastole till the stimulation of the nerves ceases, when a more or less 
prolonged series of beats follow. It is therefore evident that tHe in 
fluence of the visceral nerves is the same both on the systemic and th 
gulventricles; the nerves send inhibitory fibres, and possibly also a 
celerator fibres, to all three ventricles. 

The effects on the gill ventricles of stimulation of the visceral nerves 
are duplicated by stimulation of the nerves in the gills. When the 
visceral nerve is severed from its central connections, and the gill ven 
tricle separated from the gill and the renal veins, leaving the nervous 
connections to the ventricle intact, stimulation of the isolated nerve 
in the gill with a weak interrupted current produces invariably in- 
hibition in diastole of the gill ventricle at the beginning and during 
the first part of the stimulation. The rhythm usually reappears after 
a few seconds’ inhibition, whether the stimulation is continued or 
not; and I never succeeded in obtaining complete inhibition for the 
length of time possible by stimulation of the visceral nerve. The 
cessation of the stimulation is usually marked by an augmented 
rhythm. Inno instance did the stimulation produce acceleration of 
the rhythm. The effect on the ventricle could not have been pro 
duced by the escape of the current on to the ventricle itself, for when 
the gill nerve is severed between the electrodes and the ventricle, 
and the ends of the nerve placed so as to overlap, stimulation of the 
nerve peripheral to the lesion has no further effect on the ventricle. 
We have, therefore, to do with an inhibitory reflex from the gill 
through the ganglion at the base of the gill (or the ganglion on the 
gill ventricle itself) to the gill ventricle 

The renal veins are supplied with nerve fibres from the visceral 
nerves; but it is wellnigh impossible to isolate the veins so that 
they are not affected by the movements of the cardiac apparatus and 
the viscero-pericardial sac and at the same time leave their nervous 
supply intact, and for that reason it is difficult to determine the function 
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of the renal nerves. There are indications that the visceral nerves 
send inhibitory fibres to the rhythmically active parts of the renal veins, 
just as to the rest of the cardiac apparatus. The question will be re- 
ferred to again in connection with the same subject in Octopus. 

These experiments on the smaller squid of the Pacific Ocean were 
repeated on the larger representative which is obtained in abundance 
at Woods Holl, with substantially the same results. This larger 
animal makes the work easier and the results more reliable. I found 
that after lesion of the visceral nerves between the visceral commis- 
sure and the point of origin of the nerves to the auricles and the gill 
ventricles stimulation of the visceral nerves central to the commissure 
still produced the characteristic effects on the systemic ventricle. 
This proves that nerve fibres pass to the ventricle from the visceral 
nerves at the level of the commissure, as I have shown to be the case 
in Ommastrephes. If the visceral nerves are stimulated peripheral to 
the commissure, the usual effects on the auricles and the gill ventricles 
are produced, but the systemic ventricle is not affected. It would 
thus seem that the condition found in so many of the gasteropods also 
obtains in Loligo, namely, that the auricular nervous supply docs not 
extend to the ventricle and the ventricular nerves do not influence the 
auricles. 

Owing to scarcity of material, I have been able to make only a few 
observations on the physiology of the heart and the neart nerves of 
Ommastrephes, but so far as these go there appears to be only this 
difference between this larger species and Loligo. Ommastrephes is 
much more tenacious of life, its muscle and nerve less excitable, the 
rate of the heart-beat only about two-thirds that of Loligo, and the 
cardiac rhythm is maintained with perfect co-ordination for from 
twenty to thirty minutes after the mantle has been slit open, a stream 
of water being passed over the gills. This operation immediately de- 
stroyed the co-ordination of the heart in Loligo. 

The behavior of the various parts of the cardiac system of Octopus 
on stimulation of the visceral nerves has been described at some 
length by Ransom and by Bottazzi and Enriques. The opening of the 
mantle cavity is much less fatal to the co-ordination and rhythm of 
the heart in Octopus than in Loligo. When the mantle of Octopus 
is slit open in the ventral median line, the animal fixed on its back 
and the flaps of the mantle pinned to either side so as to expose the 
heart, the rhythmical pulsations and normal sequence of the beats in 
the different parts (renal veins, gill ventricles, auricles, systemic ven- 
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tricle) continue for a few minutes, even if the preparation is exposed 
to the air; but when the preparation is kept covered with sea-water 
a regular rhythm and synchrony of beats are maintained for one-half 
to three-fourths of an hour after the operation. 

Before going into the detailed description of my results, it may be 
stated that they agree perfectly with those of previous observers as 
regards the function of the nerves to the auricles and the systemic 
ventricle, but are directly contradictory as regards the nerves to the 
branchial ventricles ; in other words, stimulation of the visceral nerves 
causes inhibition in diastole of the tsolated gill ventricles as well as of 
the auricles and the systemic ventricle. 

Ransom studied the action of the visceral nerves on the filled 
systemic ventricle mainly. His published tracings are very similar to 
those obtained by me from the suspended empty ventricle. The 
resting ventricle usually responds with one or two beats at the be- 
ginning of the stimulation of the nerves, and the cessation of the 
stimulation is marked by a series of beats. The pulsating ventricle 
remains in complete or partial diastole during the stimulation, and on 
its cessation the beats reappear, sometimes with increased strength 
and rapidity. The arrest of the ventricle in diastole is invariably ac 
companied by a tonus relaxation, if through injury or stimulation the 
tonus of the muscle is rather greater than normal ; otherwise there is 
no change in the tonus. 

When the visceral nerves are stimulated, the viscera and the car 
diac apparatus remaining intact, the gill ventricles are pressed against 
the viscera and appear somewhat contracted. They either remain 
quiescent in this condition during the stimulation or irregular beats 
occur, the rate of pulsation being usually less and only in exceptional 
cases greater than in the original rhythm. The cessation of the 
stimulation is marked by a greatly augmented rhythm. Ransom 


describes the condition of the ventricles during the stimulation of the 
rn 


nerves as a state of ‘‘ extreme contraction.” Even direct observation 
will suffice to show that this is incorrect, even in reference to the 
ventricles in which the arrest of the beats is complete. The con- 
traction has all the appearance of a passive compression or displace- 
ment due to contraction of the surrounding muscular tissue. The 
gill ventricles are closely invested by a muscular membrane, which is 
of a different color from the ventricular muscle and can therefore be 
readily distinguished, but it adheres so closely to the surface of the 


ventricles that its complete removal in the region of the reno-ven- 
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tricular opening and at the place of entrance of the nerves is practi- 
cally impossible without great injury to the ventricles; and slight 
injury to the ventricles is unavoidable, even when only partial isola- 
tion is attempted. When the ventricles are thus isolated stimulation 
of the visceral nerves with a weak interrupted current invariably pro- 
duces inhibition in diastole of the pulsating ventricle and does not 
affect the quiescent ventricle, the cessation of the stimulation being 
followed in the former case by the original or a slightly augmented 
rhythm, in the latter preparation by a series of beats. 

The isolated gill ventricles lend themselves to the graphic method 
almost as readily as the systemic ventricle. For this purpose the 
ventricles were freed as much as possible from the investing tissues, 
and suspended by means of a silk ligature at the junction of the af- 
ferent gill sinus and a platinum hook in the posterior end of the ven- 
tricle. The reno-ventricular and the ventriculo-branchial openings 
are not exactly at the opposite ends of the ventricle, so that if it is 
suspended by the branchial sinus and the renal vein, the lever does 
not record the full magnitude of the beats. When the isolation of the 
ventricle from the investing musculature is only partially successful, 
stimulation of the visceral nerve with the interrupted current pro- 
duces what appears at first to be a tonus contraction in the ventricle. 
This contraction is undoubtedly what previous investigators have 
taken to be tetanus or extreme contraction of the ventricle itself, and 
in consequence ascribed accelerator function to the nerve. If no 
pains are taken to isolate the ventricle from the muscular envelope, the 
persistent contraction is much more marked. But that these persis- 
tent contractions are neither tetanus nor tonus contractions of the 
heart muscle, but due to contraction of the muscular tissue that still 
adheres to the surface of the ventricle, is shown by the fact that the 
more complete the isolation of the ventricle the less evident the 
contraction. 

The typical inhibitory effects on the gill ventricle of stimulation of 
the visceral nerve are illustrated in Fig. 11. At a@ the strength of 
the interrupted current is relatively weak, and the result is incomplete 
inhibition, the rate of the beats remaining unchanged but the strength 
of the beats being greatly reduced. In other cases the decrease in 
the strength is also accompanied by decrease in the rate of contrac- 
tion. At 4 the intensity of the stimulus is increased with the result 
that the inhibition of the rhythm in diastole is complete. There is 
no apparent latent period between the beginning of the stimulation 
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of the nerve and the appearance of the inhibitory effects on the 


ventricle. The suspended gill ventricles showed not infrequently a 
very irregular rhythm, probably due to unavoidable injuries in the 
preparation, but the influence of the visceral nerves is the same as 
in the preparations that exhibited no such irregularities. 

In five preparations the stimulation of the visceral nerves pro 
duced diminutive beats in the gill ventricle, but the rate of the beats 
was increased. In no case did the stimulation of the nerve produce 
augmentation of the strength of the beats. It has already been 
stated that with the whole cardiac apparatus. intact stimulation of 
the visceral nerves produces in exceptional cases actual acceleration 
of the rhythm in the gill ventricles; but the displacement of, and 
abnormal pressure on the gill ventricles under those conditions ar 
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FiGuRE 11.— Tracing from the 


so considerable that the acceleration may be caused by these stimuli 
This cannot be the case in the isolated and suspended preparation ; 
nor do I think that the effects are produced by the escape of the 
current directly on to the ventricle, because when these reactions 
were obtained the strength of the interrupted current employed was 
not greater than usual and the electrodes were placed on the isolated 
nerve at least 5 cm. from the ventricle. It seems therefore probable 


that the visceral nerves send both augmentor and inhibitory fibres to 
the gill ventricles, the influence of the latter being by far the greatest 

A single induced shock applied to the visceral nerve is without 
effect on the gilli ventricle unless of an intensity that surely injures 
the nerve. When of moderate strength the induced shocks must be 
applied to the nerve at the rate of one or two per second, in which 
case the effect on the ventricle is the same as when the interrupted 
current is used, that is, partial or complete inhibition in diastole, the 
greater the rate of application of the shocks the more complete the 
inhibition. 

When the inhibition of the rhythm in the systemic ventricle follow 
ing the stimulation of the visceral nerves is accompanied by any 
change in the tonus, it is invariably a relaxation. The same is 


gill ventricles of Loligo. 


true of the systemic ventricle and the 


nerve, showing inl n 
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A similar action of the inhibitory nerves can be demonstrated also 
for the gill ventricles of Octopus under certain conditions. When 
the ventricles are stimulated directly with a strong interrupted 
current a strong persistent contraction is produced which may last 
for many seconds after the stimulation has ceased; and when the 
visceral nerve is stimulated with the ventricle in this state of 
persistent contraction a prompt relaxation is produced, lasting as 
long as the stimulation of the nerve. The suspended ventricle was 
made a part of the secondary circuit in the manner described for the 
ventricle of Aplysia,! and by means of a Pohl’s commutator without 
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FIGURE 12.— Tracings from the gill ventricle of Octopus. A, dir = direct stimulation of 


the ventricle with a strong interrupted current. wz = stimulation of the visceral 
nerve, showing relaxation of the “tonus” contraction. A, reflex inhibition of the 
gill ventricle on stimulation of the gill nerve. C, dir = direct stimulation of the 
ventricle with the strong interrupted current. yg = stimulation of the gill nerve, 


showing “ tonus” relaxation. 


cross bars the induced current was sent through the heart or through 
the stimulating electrodes at will. In Fig. 12 A, a tracing illustrating 
these reactions is reproduced. At the left-hand side the strong 
interrupted current is sent directly through the ventricle with the 
results just described. On cessation of the stimulation the height of 
contraction is even increased. Sending the weak interrupted current 
through the visceral nerve (v7) produces immediate relaxation, but on 
repeating the stimulation of the nerve the inhibition in diastole is 
effected without any change in the tonus. It is therefore evident 
that the influence of the visceral nerve on the tonus of the gill 
ventricles is the same as that on the systemic ventricle; if the 
stimulation of the nerve affects the tonus, it is in the line of relaxation. 

The effects on the gill ventricles of stimulation of the visceral nerves 
are almost duplicated by stimulation of the nerves in the gills, just 
as has been described in Loligo; but in Octopus the gill ventricles 
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are strong enough for graphic registration, so that the nature of this 
reflex can be studied to better advantage. For this series of experi- 
ments I usually isolated both the visceral nerve and the gill nerve, 
and the nerves were placed on separate pairs of electrodes, connected 
with a Pohl’s commutator, so that either nerve could be stimulated at 
will; the suspended ventricles were at the same time made to com- 
plete another secondary circuit, so that the influence of the gill nerve, 
of the visceral nerve, and of direct stimulation of the ventricle itself 
could be studied in the same preparation. A comparison of Fig. 12, 
B, with Fig. 11 shows plainly the close parallel of the influence of the 
visceral nerve and the gill nerve on the rhythm and tonus of the gill 
ventricle. The reflex from the gill nerve is manifested in inhibition 
of the rhythm (Fig. 12, 8) and decrease of the tonus (C); but these 
effects are, as a rule, not as marked nor as long continued when 
brought about by stimulation of the gill nerve as when caused by 
stimulation of the visceral nerve. 

Are the systemic ventricle and the auricles of the cephalopods 
provided with accelerator nerves? Fredericq concluded on physio 
logical grounds that accelerator nerve fibres to the systemic ventricle 
of Octopus passed alongside or in the walls of the cephalic vena 
cava; but Ransom has since shown that Fredericq’s method of 
observation was at fault. Accelerator nerves to the systemic 
ventricle of Octopus have more recently been described by Bottazzi 
and Enriques. These investigators state that the stimulation of the 
gastric ganglion, the cesophagus, the cephalic artery, or the small 
arteries that pass to the cesophagus from the cephalic artery, pro- 
duces acceleration of the rhythm in the systemic ventricle. The 
accelerator nerves, they conclude, pass from the gastric commissures 
in the cesophagus along these small arteries to the cephalic artery 
and along it to the ventricle. 

Before I was acquainted with the work of Bottazzi and Enriques | 
had tried in Loligo, but failed to find any effect on the systemic 
ventricle of stimulation of the cephalic artery and of the stomato- 
gastric commissures in the cesophagus; and having read their paper 
I repeated the experiments with the same negative results. The gas- 
tric ganglion cannot very well be exposed and stimulated with a view 
of ascertaining its influence on the systemic ventricle, because the 
dissection destroys the connections between the dorsal side of the 
ventricle and the viscera, so that negative results do not mean much, 
as the nervous connections might be severed by the dissection. The 
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cephalic artery and the cephalic end of the cesophagus can be 
isolated for stimulation, leaving the cardiac apparatus intact. The 
stomato-gastric commissures pass to the gastric ganglion in the walls 
of the cesophagus, and stimulation of the cesophagus involves in con- 


sequence the stimulation of these commissures. Because of lack of 


material I have not repeated the experiments on Octopus; but the 
physiology of the cardiac apparatus is so nearly alike in the two 
groups of dibranchiate cephalopods, that if such an accelerator ner- 
vous mechanism exists in Octopus it would probably not be absent 
in Loligo. It seems to me, therefore, that the evidence for the exist- 
ence of accelerator nerves to the systemic heart outside the visceral 
nerves is not conclusive. 

Ransom concludes that the visceral nerves have only an accelera- 
tor influence on the renal veins in Octopus, while Bottazzi and 
Enriques are unable to affirm anything as to the innervation of these 
structures. A nerve enters the vena cava at its cephalic end in 
Loligo and Ommastrephes, but it cannot be isolated in the living 
specimens for the purpose of these experiments, and the function of 
this nerve was therefore not determined. Branches from the visceral 
nerves enter the renal veins in Loligo, and Ransom affirms the same 
for Octopus. But the study of the function of these nerves meets 
with the same difficulties that we encountered in the gill ventricles, 
namely, the difficulty of their complete isolation from adjacent tissues 
while retaining the nervous connections intact. This is particularly 
true in Loligo, in which the renal veins are exceedingly delicate. In 
Octopus the kidney allows a more complete isolation. When the 
renal veins in Octopus are laid bare by removing the visceral en- 
velope, and the visceral nerves stimulated with a weak interrupted 
current, the whole kidney mass contracts; but if one observes the 
rhythmically contracting glandular appendages it appears that the 
contraction is of the same kind as that of the intact gill ventricles 
following stimulation of the visceral nerves, that is, the diminution in 
size of the kidney is not produced by the contraction of the rythmi- 
cally pulsating parts, but by the contraction of other muscular tissue 
around and possibly in the walls of the renal sinuses. So far as the 
pulsating renal sacs are concerned the contraction has all the appear- 
ance of being a passive one, and at no time can it be called “ ex- 
treme.” Careful observation will show that when pulsations occur 
during the contraction produced by stimulation of the visceral nerve, 
no previous relaxation is noticeable, and that during the systole of 
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these beats the size of the renal sacs is further reduced. 

havior of the renal veins during the stimulation of the visceral nerves 
can best be explained on the assumption that the nerves contain 
inhibitory fibres to these organs. A further indication of inhibitory 
nerves to the renal veins is the inhibition of the cardiac and the 
renal movements that is sometimes observed when the mantle is first 
slit open. All the cardiac organs as well as the renal veins remain 
quiescent in extreme diastole; but as soon as the visceral nerves 
are severed, the cardiac rhythm and the pulsations of the renal veins 
reappear. This arrest of the cardiac rhythm is evidently a reflex 
inhibition caused by the injury to the mantle. The behavior of the 
renal veins is exactly the same as that of the cardiac organs which 
are supplied with inhibitory fibres from the visceral nerves. 


III. SuMMARY. 


+ 


1. With the exception of Mytilus, in which the results are no 
conclusive, the auricles and the ventricle of the lamellibranchs are 
supplied with inhibitory nerves from the visceral ganglion or ganglia 
These nerves enter the heart at the base of the auricles. 

The heart of the chitons is in all probability supplied with augmen 
tor nerves from the pleuro-visceral cords. The heart of the pro 
sobranchs (Haliotis, Lucapina, Natica, Sycotypus) and tectibranchs 
(Aplysia, Bulla, Pleurobranchza) is supplied with augmentor nerves 
from the visceral ganglion or ganglia. These nerves enter the ven 
tricle at the aortic end. The auricular nerves enter the auricle at its 
base. 

The heart of the nudibranch Montereina is similarly provided with 
augmentor nerves. The heart of Triopha, another nudibranch, ap- 
pears to be provided with both inhibitory and augmentor fibres. 

The auricle of the slugs (Ariolimax, Limax) and the snail ( Helix) 
is supplied with both inhibitory and augmentor nerves from the sub- 
cesophageal or pleural ganglion. The nerve-fibres enter the auricle 
at its base. The innervation of the ventricle in these pulmonates is 
less uniform. The ventricle of Helix is supplied with both augmentor 
and inhibitory fibres which enter the ventricle at the aortic end ; 
some fibres aiso reach the ventricle through the walls of the auricle. 
The ventricle of Limax appears to be supplied with only inhibitory 
nerves which reach the ventricle through the auricular walls. The 


ventricle of Ariolimax is supplied with augmentor, and probably also 
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inhibitory, nerves, which enter at the aortic end. In Helix the in- 
fluence of the inhibitory, in Ariolimax that of the augmentor, fibres is 
the greater. 

The systemic and the branchial heart of the cephalopods are sup- 
plied with inhibitory nerves from the two visceral commissures, and 
there is some evidence that augmentor fibres reach the hearts from 
the same source. The rhythmically contracting parts of the renal 
veins are in all probability also supplied with inhibitory fibres from 
the visceral commissures. 

2. The inhibitory effects on the heart of stimulation of the in- 
hibitory nerves appear in complete arrest of the heart in diastole or 
in diminished rate and amplitude of the beats. The inhibition is 
usually accompanied by tonus relaxation. The physiology of the 
cardio-inhibitory nerves to the molluscan heart is thus identical with 
that of the cardio-inhibitory nerves in the vertebrates. 

In the quiescent heart the stimulation of the augmentor nerves 
produces contraction or a series of contractions.| The augmentor 
fibres thus partake of the character of true motor nerves. 

Single induced shocks applied to the cardiac nerves are usually in- 
effective, unless of considerable intensity. The cardiac nerves are 
stimulated during the passage of the constant current through them. 

3. Inasmuch as this work includes representatives from all the 
different groups of the phylum, with the exception of the pteropods, 
it may be inferred that the molluscan heart is without exception pro- 
vided with cardio-regulative nerves, augmentor or inhibitory or both. 
A further general conclusion is this, that in the lowest molluscs 
(chitons, prosobranchs, tectibranchs) there seem to be only augmen- 
tor nerves present; gasteropods standing higher in the scale have 
both augmentor and inhibitory nerves; while the highest molluscs 
(the cephalopods) have only inhibitory heart nerves, or the inhibitory 
nerves are at least greatly in predominance. It is possible, of course, 
that both kinds of cardiac nerves are present throughout the phylum, 
and that in the lowest group the augmentor, in the highest the inhib- 
itory, fibres predominate to the extent that on simultaneous stimula- 
tion of both kinds of fibres the influence of those in the minority 
never comes to light. Further work: must be done on the heart- 
nerves in the nudibranchs, in which the inhibitory nerves make their 
first appearance. 


1 CARLSON « This journal, 1904, xii, p. 55. 
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This peculiar distribution of the augmentor and the inhibitory 
nervous mechanisms in the molluscs suggested the idea that the 
augmentor mechanism may antedate the inhibitory in the time of 
development. So far as I know the literature contains no data 
touching this question, save what may be inferred from the action of 
drugs on the embryonic heart. This question touches the develop- 
ment of inhibitory processes in general inasmuch as cardiac inhibi- 
tion is in all probability only a special case of inhibitory processes in 
or between nerve-centres.! One of the difficulties met with in work- 
ing out the facts in the case is the low excitability of the vagi in 
early embryonic life. In dog embryos two centimetres in length, | 
find that the stimulation of the vagi inhibits the heart, but the 
strength of the interrupted current required to produce this effect is 
so considerable that escape of the current directly to the heart can 
probably not be prevented. And observations on the invertebrate 
heart make it highly probable that a certain strength of the induced 
current applied directly to the heart produces inhibition even in the 
absence of an inhibitory nervous mechanism or after the inhibitory 
nervous mechanism has been paralyzed by drugs. 


1 CARLSON: This journal, 1905, xii, p. 217. 


q 


PROTEIN METABOLISM IN CYSTINURIA. 


By CARL ALSBERG anp OTTO FOLIN. 


[From the Chemical Laboratories of Harvard Medical School, Boston, and the McLean 
Hospital for the Insane, Waverley, Mass.] 


Na recent paper on cystinuria Loewi and Neuberg! cite experi- 

mental data and draw conclusions the importance of which must 
have appealed to all readers interested in the chemistry and metabolism 
of protein. 

Loewi’s and Neuberg’s presentation of the subject may be briefly 
summarized as follows : 

The cystin obtained from urine in cystinuria and the cystin which 
K. A. H. Morner has taught us how to obtain directly from protein 
bodies have the same chemical constitution, z. ¢., both are derived 
from Friedman’s a-amido-f-thio propionic acid, CH,SH — CH NH, 
COOH (cystein). The cystin obtained from so-called cystin stones, 
on the other hand, has a different constitution, according to Neuberg, 
being the corresponding derivative of a-thio-8-amido propionic acid, 
CH, .NH, — CH.SH COOH. 

Both kinds of cystin are present in protein, and both kinds, whether 
given in the form of food or in free crystalline condition, are nearly 
quantitatively converted into sulphates in the metabolism of normal 
persons. The cystinuric individual, on the other hand, katabolizes 
normally only one kind of cystin, namely, that which occurs in cystin 
stones. The other, ordinary cystin obtained from urine or directly 
from protein, is not similarly hydrolyzed and its sulphur oxidized 
into sulphates. It passes unchanged through the system and is 
quantitatively eliminated with the urine. 

The inability of the cystinuric individual to hydrolyze and oxidize 
the one kind of cystin does not represent all that is abnormal about 
his metabolism. Neuberg and Loewi conceived the idea that in cys- 
tinuria there is a much more general metabolism disorder, a more or 
less complete inability to normally katabolize amido acids. In their 


1 Loew! and NEuBERG: Zeitschrift fiir physiologische Chemie, 1904, xliii, p. 338. 
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attempts to verify this idea Neuberg and Loewi first analyzed the 
urine of their patient with the expectation of finding that it contained 
amido acids in unusual amounts; but except for the presence of the 
cystin they found the urine to be normal. On feeding pure amido 
acids to their patient they did, however, discover the metabolism ab- 
normality which they were looking for. In the normal person such 
amido acids are quantitatively katabolized, and their nitrogen elimi- 
nated as urea. Their patient did not convert the nitrogen of amido 
acids into urea, but eliminated the monoamido acids unchanged and 
almost quantitatively, while the diamido acids were eliminated as the 
corresponding diamines. 

This remarkable condition is demonstrated with a rigidity that 
seems to leave no room for doubt or question. In each case nearly all 
the product fed was recovered in the urine, and its identity and purity 
established byanalyses. Thus after feeding 6.02 gm.of tyrosin 4.82 gm. 
chemically pure tyrosin were recovered from the urine; 5 gm. of as- 
paraginic acid yielded 3.37 gm. of the same substance in the urine; 
and when 6 gm. of protein cystin were fed 5.8 gm. were recovered. 

Since the cystinuria patient is unable to utilize normally pure acids 
but can and does utilize the amido acid contents of ordinary food, 
Neuberg and Loewi further advance the hypothesis that in the digest- 
ive tract food protein is normally not split to any great extent into 
amido acids, as such food protein should otherwise be eliminated not 
as urea but as amido acids in the case of cystinuric individuals. 

The more we have studied the experimental data presented in the 
paper of Neuberg and Loewi the less reason have we had to question 
the accuracy of the work except in one or two minor particulars. 
Our own experiments to be described in this paper have, however, 
entirely failed to corroborate their findings. 

Our investigation was not undertaken merely for the purpose of 
verifying the results of Loewi and Neuberg. One of us (A.) had been 
engaged in the study of a case of cystinuria for some time before the 
appearance of their paper, and a partial report of the results obtained 
was published last December.! We planned to make a general me- 
tabolism study of a case of cystinuria using the standard uniform diets 
recently described in this journal.” 

By comparison with the numerous data already recorded in connec- 
tion with the use of those diets we hoped to show more definitely than 

1 ALSBERG: Journal of medical research, 1904, xiii, p. 105. 
2 FOLIN: This journal, 1905, xiii, pp. 64, 73. 
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had been done the degree and nature of the deviations from the nor- 
mal metabolism associated with cystinuria. In view of the results 
recorded by Loewi and Neuberg it seemed not improbable that the 
composition of the cystinuria urine corresponding to the standard 
protein-rich diet should after all be characterized by the presence of 
notable quantities of amido acids, because we could not accept their 
hypothesis that such amido acids are not produced within the diges- 
tive tract. If there were a general disturbance in the amido acid 
katabolism of the case under investigation, it was to be expected that 
the undetermined nitrogenous residue (the nitrogen not present in 
urea, ammonia, uric acid, and kreatinin) should be greater than in 
normal persons, and that such a deviation from the normal should 
disappear with the introduction of a diet containing little or no protein. 
These expectations were based on the assumption that the general 
results obtained by Neuberg and Loewi with amido acids were cor- 
rect, but they had not analyzed the ordinary urine of their patient 
with sufficient care.! 

In connection with our metabolism experiments, especially with a 
low nitrogen diet, we intended to repeat and to extend the studies of 
Loewi and Neuberg in regard to the fate of pure amido acids when 
administered to a cystinuric patient. Our scheme of analysis would 
readily have enabled us to verify their findings with regard to any 
amido acid which is not decomposed at 160° (the temperature of the 
urea determination). This plan was, however, abandoned after we 
had satisfied ourselves that the metabolism in our case of cystinuria 
did not at all tally with the description given by Neuberg and Loewi. 


The patient was a young man twenty-three years of age. He was first known 
to “pass sand” at eleven (in 1893) and had considerable trouble of the 
same sort during the years 1897-1899. In 1903 he was admitted to the 
Massachusetts General Hospital, and several cystin stones were removed 
from his bladder. One of his brothers has been operated upon five times 
for bladder stones, but as far as he knew no other relative of his has had 


the same trouble. 


The general plan of the feeding experiments recorded below is the 
same as that which prevailed in the earlier experiments already de- 
scribed in this journal.2_ The analytical technique employed is the 

1 They have not stated how they determined the urea, and have made no refer- 
ence to the ammonia, thus leaving it uncertain whether the urea-nitrogen did or 


did not include the ammonia-nitrogen. 
Loc. ct. 
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same, except with regard to the sulphate determinations. The pres- 
ence of cystin necessitated a different procedure for the determination 
of the total sulphur, sodium-peroxide being used as the oxidizing 
reagent.! 

In Table I are recorded the last five days’ results of a feeding ex 
periment with the standard milk and egg diet, containing 


119 gm. 
of protein, 148 gm. fat, and 225 gm. carbohydrates. At the bottom 
of the table are given the corresponding average maximum and min- 
imum values previously recorded for the same diet when fed to normal 
persons (six). 

Several unmistakable deviations from the normal are at once to be 
noted. 

The neutral sulphur, including the cystin-sulphur, is, as was to be 
expected, very much higher than the normal, being in fact, almost five 
times as great in the case of the cystinuric patient. If this difference 
is due to cystin alone, as we believe to be the case (the reasons for this 
belief will be given below), then we find that our patient eliminated 
on the average on this diet 0.82 — 0.17 = 0.65 gm. SO, per day in 
the form of cystin. On this diet our patient eliminated therefore 
almost one gramme (0.97 gm.) of cystin per day. Loewi and Neu 
berg determined directly by sedimentation the cystin obtained from 
their patient, and found only about one-half gramme per day. Our 
patient might, therefore, at first sight appear to present a more pro- 
nounced case of cystinuria than theirs, but this is not necessarily the 
case. Notwithstanding the contrary statements to be found in the 
literature, the daily amount of cystin eliminated depends to a notable 
extent upon the total amount of sulphur katabolized. Neuberg and 
Loewi paid no particular attention to the total sulphur katabolism of 
their patient, and their figures are therefore not strictly comparable 
with those here recorded. 

The abnormally high neutral sulphur values given in cystinuria are 
produced wholly at the expense of the inorganic sulphates, as will b¢ 
seen from the other sulphur columns. The ethereal sulphates are 
within the figures given by the normal persons. 

Turning to the second half of Table I, it will be noted that the ni- 
trogen metabolism of our patient also is markedly different from that 

1 It is believed that the sulphate values recorded in these experiments posses 
a higher degree of accuracy than it is possible to obtain according to directior 
given in text-books. Sut space cannot be taken here for a discussion of the 
methods used. The number of details involved will necessitate a separate paper 
on the subject. 
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of the six normal persons. The per cent of the nitrogen represented 
by the urea is fully 4 per cent lower than the normal average, and 
is 3 per cent lower than the minimum value obtained from a normal 
person. Similarly with regard to the ammonia. The absolute quan- 
tity eliminated is scarcely more than one-half the minimum quantity 
obtained from any one of the six normal persons, and represents only 
2 per cent of the total nitrogen as against an average of 4.3 per cent 
for the normal. The absolutely and relatively low ammonia elimina- 
tion is, as a matter of fact, only what one would naturally expect from 
the abnormally large amount of sulphur eliminated in neutral form. 


Accepting the excess of neutral sulphur (0.65 gm.) and calculating this into 
the equivalent quantity of #% ammonia (162 c.c.) would bring the 
ammonia elimination almost within the normal limits. But the free 
(titrated) acidity is also decidedly below the normal minimum. In addi- 
tion to the deficiency in inorganic acids (sulphuric) it would seem, there- 
fore, that either there must exist a deficiency in organic acids, or that 
some organic base is produced and in part takes the place of ammonia. 
The latter is perhaps the most probable explanation in view of the fact 
that tetra- and pentamethylene diamines have occasionally been found in 
cystinuria urines. One of us (A) made earlier a search for these dia- 
mines in the urine of this patient, but with negative results. Loewi and 
Neuberg also failed to find diamines in the urine of their patient, and 
according to them they are seldom present, having been found only three 
times. Cystinuria itself is, however, not a frequent occurrence, and it 
seems improbable that the diamines should have been found in such 
urines three times without their occurrence being a regular (more or less 
constant) part of the same metabolism disorder that gives rise to the 
cystin. It seems more likely that they are always or nearly always present 
in such cases, but that the amounts present have been too small for direct 
isolation and identification. From Simon’s interesting discussion of 
cystinuria and diaminuria’ it is clear that at least two additional cases 
of diaminuria associated with cystinuria must be added to the cases 
mentioned by Loewi and Neuberg. 


The kreatinin and uric acid elimination is normal, and needs no 
discussion here. It will be taken up again in connection with Table 
III, p. 68. 

Corresponding to the subnormal amounts of urea and ammonia 
eliminated by our patient on the standard nitrogen-rich diet, we find 
in Table I an unusually large amount of “undetermined” nitrogen, 


1 Simon: American journal of medical sciences, 1900, xix, p. 48. 
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1.6 gm. as against an average of only 0.6 gm. for the normal 
persons, or 10.6 per cent of the total as against the normal 3.75 per 
cent. 

The abnormal distribution of the eliminated nitrogen, recorded in 
Table I, seemed at first to verify our idea of the condition that exists 
in cystinuria. If the cystinuric individual is unable to make use of 
pure amido acids, it seemed to us probable that notable quantities of 
amido acids ought to occur in the urine when such an individual is 
taking food that is rich in nitrogen, and this amido acid-nitrogen 
would appear in our scheme of analysis as undetermined nitrogen 
At the end of the experiment recorded in this table we were there- 
fore still of the opinion that the generalizations of Loewi and Neuberg 
concerning the nature of cystinuria were substantially correct, but 
that they had not analyzed with sufficient care the urine as obtained 
from ordinary nitrogen-rich diets. 

This interpretation was quickly shattered by the results which 
were obtained when the nitrogen-rich milk and egg diet was replaced 
by a practically nitrogen-free starch and fat diet (Table II). 

If the abnormally high undetermined nitrogenous rest shown in 
Table I were due to the formation in the digestive tract of amido 
acids, which when absorbed would be eliminated in unchanged con- 
dition owing to the patient’s inability to katabolize normally such 
amido compounds into urea, then it seemed reasonable to expect that 
with the substitution of a nitrogen-free diet the patient’s metabolism 
should become more or less perfectly like that of a normal person 
In other words, the undetermined nitrogen should sink to the level 
of that given by normal persons on the same diet. This does not 
happen. The published records of seven persons! on a similar diet 
show an undetermined nitrogenous rest of about 0.4 gm. In this 
case the undetermined nitrogen in the urine under the influence of a 
nitrogen-free diet remains practically stationary at about 0.8 gm. 

But instead of dwelling on these deviations from the normal in the 
metabolism of our patient the reader’s attention is at once called to 
the records in Table II of March 6th and 7th and March gth and roth 
réspectively. 

During the forenoon of March gth the patient received in addition 
to the regular food exactly 10 gm. pure asparaginic acid (Kahlbaum’s). 
The substance was given in small quantities of water in three doses 
about an hour and a half apart. The total nitrogen determinations 


1 Loc. cit. 
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on the 9th, roth, and 11th of March failed to show just how much 
of the asparaginic acid was absorbed, because the increase in the 
total nitrogen during those three days was greater than the aspara- 
ginic acid nitrogen could account for. But in 10 gm. asparaginic 
acid there is 1.05 gm. nitrogen. Any considerable absorption 
and subsequent elimination of unchanged asparaginic acid should 
therefore unquestionably have resulted in an unmistakable increase 
of the “undetermined” nitrogen of the urine. Not the slightest 
increase in this factor is to be observed. The increase in the total 
nitrogen is wholly due to an increase in the urea. This case of cysti- 
nuria is therefore quite well able to convert the nitrogen of aspara- 
ginic.acid into urea.’ 

On March 6th 1.226 gm. pure cystin prepared from hair was 
mixed with the starch solution which together with butter (115 gm.) 
constituted the food during this period. On that day particular care 
was taken to have the food consumed quantitatively. If the gener- 
alizations of Neuberg and Loewi were correct, this cystin should have 
appeared unchanged in the urine during the following two or three 
days. 1.226 gm. of cystin is equivalent to 0.817 gm. SO. The in- 
crease in the total SO, elimination on March 6th and 7th is 1.16 + 
0.99 — (0.77 + 0.82) or 0.56 gm. corresponding to 68.5 per cent of the 
cystin given. The increase in the inorganic SO, elimination on March 
6th and 7th is 0.61 + 0.43 — (0.20 + 0.23) or 0.61 gm. The neutral 
sulphur elimination for the same two days is not at allincreased. These 
figures prove beyond reasonable doubt that in our case of cystinuria 
pure cystin in so far as it was absorbed from the intestinal tract was 
not at all eliminated in unchanged condition, but that its sulphur 
gave rise to the normal katabolism product, sulphuric acid. 

The results which we have obtained on feeding asparaginic acid 
and protein cystin to our patient make it clear that the disease 
known as cystinuria does not consist of a general inability to katabo- 
lize normally the hydrolytic cleavage product of protein. Whatever 
may be the explanation of the results reported by Loewi and Neuberg, 
their generalizations concerning the disease are not correct. 

The neutral sulphur values given by our patient on the protein- 
rich and the protein-free diets correspond (after the normal neutral 


! When heated with magnesium chloride and hydrochloric acid exactly as in 
the urea determinations 0.6646 gm. asparaginic acid gave only 1.8 c.c. #4; NHs or 
2.5 mgm. nitrogen. 
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sulphur has been subtracted) to about 1 gm. of cystin per day on the 
former and 0.5 gm. on the latter. 


That these calculated cystin values are approximately correct is indicated by 
the following facts: The urines derived from the protein-rich diet con- 
tained even when perfectly fresh a perceptible sediment of typical cystin 
crystals, which increased on standing until a very voluminous sediment 
had formed. This sediment was found microscopically to consist to a 
large extent of cystin crystals. Under the influence of the protein-free 
diet this tendency of the urine to form a cystin sediment diminished 
rapidly, yet to the very end of the second feeding experiment (with starch 
and butter) a few cystin crystals could be found by the help of the centri- 
fuge and the microscope after the urine had been allowed to stand a few 
days. Thus after standing about two weeks a few crystals were found 
adhering to the bottom of the bottle containing the urine of March roth. 
The volume of urine passed on that date was 2090 c.c.. This urine must 
therefore be considered as a slightly supersaturated, or at least as a satu- 
rated solution of cystin (or no-crystals could have been formed). ‘The 
total neutral sulphur for the day was o.49 gm. expressed as SO,. Sub 
tracting from this the average normal figure 0.17 gm. SOs, we get 
gm. SO, or 0.48 gm. cystin. 

There is certainly no reason for assuming that less than this amount of 
cystin was present, since it would correspond to a solubility of only 
per cent or less than one-half the solubility ascribed to cystin in urine | 
Mester! and Borissow.2, Nor can we assume that much more was pres 
ent without also making the gratuitous assumption that there is no normal 


neutral sulphur in cystinuria urines. 


At all events we can positively state that our patient continued 
to eliminate cystin with the urine at the end of a thirteen-day feed- 
ing experiment with a diet containing practically no protein at all. 
The analytical figures also prove that less neutral sulphur is elimi- 
nated on this diet than on the protein-rich diet. It would therefore 
seem almost, if not absolutely, certain that more cystin is produced 
and eliminated on a diet rich in protein than on one containing but 
little sulphur. The practical significance of this in the treatment of 
such patients is self-evident. They should abstain as much as is 
practicable from the use of highly nitrogenous foods. 

It does not come within the scope of this paper to discuss normal 
metabolism in the light of the results obtained from an abnormal 


1 MEsTER: Zeitschrift fiir physiologische Chemie, 1889, xiv, p. 11 


3 
2 Borissow: Zeitschrift fiir physiologische Chemie, 1894, xix, p. 5! 
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case. The peculiar behavior of our patient on the one hand toward 
protein and on the other toward cystin, a cleavage product of protein, 
must, however, be considered. On the protein-rich diet our patient 
eliminated considerably more neutral sulphur than on the diet con- 
taining no protein; yet when cystin was fed together with the latter 
diet there was no increase in the neutral sulphur output. Why is 
this? One would naturally expect that at least an equally great frac- 
tion of the cystin-sulphur as of the protein-sulphur should escape 
oxidation and be eliminated in neutral condition. The actual state of 
affairs is, it will be noted, almost exactly the reverse of that reported 
by Neuberg and Loewi. Both their result and ours might fairly be 
questioned. Their statement that protein-cystin when administered 
in pure crystalline condition passed quantitatively through the sys- 
tem of their patient without change while the food sulphur was only 
in part eliminated as cystin, is manifestly one that will need further 
verification, and we admit readily that our result as stated above may 
also fairly be looked upon as needing verification. We feel positive 
of the accuracy of our result, but the same is undoubtedly true of 
Neuberg and Loewi. 

It seemed possible that our giving such a small amount of cystin 
and in such small doses (it was mixed with the day’s food) was the 
reason for our result, and that if a larger quantity in larger doses was 
given a part of the cystin might pass into the urine unchanged. To 
test this we made another feeding experiment, and this time gave 
practically the same quantity of cystin as Neuberg and Loewi had 
used (6 gm.), and all was given in the forenoon in three doses of 
2 gm. each.! 

The results of this experiment are recorded in Table III. The 
cystin was given on the fourth day, May 11th. The rise in the total 
sulphur elimination due to the cystin on May 11th and 12th is 2.03 + 
1.91 — (0.96 + 0.97) = 2.01 gm. SO;. The corresponding rise in the 
inorganic sulphate elimination for the two days is 1.35 + 1.32— 
(0.29 + 0.29) = 2.13 gm. SOs. The neutral sulphur elimination re- 
mained, as in the first experiment, wholly unchanged. Our patient 
was unfortunately during this feeding experiment allowed to do some- 
what more severe work than in the previous experiment.” In attempt- 


' The cystin used was snow-white, and consisted almost exclusively of perfectly 
formed hexagonal plates. 

* Having expressed a desire to be a plumber, he was made assistant to the 
hospital plumber. 
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ing to provide for the extra amount of fuel called for by 

increased his allowance of butter to 200 gm., but this resulted 
slight diarrhoea (three or four movements per day), and this 1 
doubtedly the reason why only 50 per cent of the cystin given was 
absorbed. The significance of the figures obtained is, however, 
unmistakable. Three grammes of cystin were absorbed, and the 
corresponding amount of sulphur was quantitatively eliminated as 
inorganic sulphates. 

Before any serious attempt can be made to explain the 
behavior of persons having cystinuria toward protein sulph 
toward pure cystin, it would seem necessary to acquire m 
data. 

Are there different degrees of cystinuria ? 

Most writers on the subject seem to assume that there are different 
degrees in the intensity of the disorder, but so far as we are aware 
no facts are known which can be accepted as proof in favor of such 


an assumption. It seems to us probal 


le that the daily amount of 
cystin eliminated depends on the one hand on the amount of 
consumed, and on the other on the weight and size of the person 
A child may consequently eliminate less cystin than a full-grown 
person, either because it eats less or because it weighs less, and in 
neither case would the result necessarily indicate a milder form of t 
disorder. Yet this question must be answered before any exp! 
tions can be attempted. For example, the “impaired oxidatior 
theory can clearly not alone be an adequate explanation if it 
be found that the answer to the above question is negative. 

If the daily amount of cystin eliminated had been as great 
starch as on the protein diet, then it would have been clear 
origin of the cystin is the sulphur coming from the general tissues 
But the neutral sulphur values, as found in Tables I and II, indicate 


that on the non-nitrogenous diet the cystin is absolutely diminished, 


and relatively to the total sulphur is increased. The fact 

neutral sulphur remains greater than normal on a protein-free 

and relatively more prominent than on a protein-rich di 
together with the fact that (in our case) pure cystin does 

through the system in unchanged condition, indicates cle 

the cystin which ts eliminated is not absorbed as such from 

tinal tract. Our facts would rather suggest that the food sulphur 
which is eliminated as su/phates may be absorbed as cystin, and tl 

it is the sulphur which is absorbed in larger or different complexes 
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6 gm. pure cystin (from hair) 
given in the forenoon, 
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together with the sulphur derived directly from the tissues which the 
cystinuric individual is unable normally to convert into sulphates. 

In view of the inexplicable difference between our results and those 
of Loewi and Neuberg it seems, however, useless to dwell on expla- 
nations and theories. More facts is what is needed. 

A few other points of interest may be briefly mentioned here. 

1. Loewi and Neuberg found, as stated at the beginning of this 
paper, that their patient did hydrolize and oxidize the cystin ob- 
tained from cystin stones, and that it was only the other kind of 
cystin (that found in urine or obtained from protein) which passed 
through the system unchanged. This difference is due, according 
to Neuberg, to a different chemical constitution of the two kinds 
of cystin. 

The purely chemical findings of Neuberg concerning the two kinds 
of cystin have, however, not yet been verified by any other investiga- 
tor, while decided doubts about their accuracy have been expressed by 
Rothera! and by Gabriel.? The former, working with Hopkins, says: 
“TI do not feel the slightest doubt but that the specimen of calculus 
cystin dealt with by me was identical with hair cystin ;” and the latter, 
after examining a sample of Neuberg’s calculus cystin and comparing 
it with synthetical “ isocystin” (CH, . NH, . CH(SH) . COOH) says: 
‘“‘ Hiernach halte ich es fur wenig wahrscheinlich, dass das Steincystin 
die Constitution des Isocystins besitzt.” * 


! ROTHERA: Journal of physiology, 1905, xxxii, p. 177. 

* GABRIEL: Berichte der deutchen chemischen Gesellschaft, 1905, xxxviii, 
p. 641. 

% After having already read the galley proof of this paper we received the June 
number of HoppeE-SEYLER’S Zeitschrift fiir physiologische Chemie, in which 
NEUBERG (and PAUL MEYER) publish two additional articles on cystin and 
cystein. From these it appears that NEUBERG no longer claims that calculus 
cystin is always different from protein cystin. On page 480 occurs the following 
paragraph : 

“ Keinesfalls kann das Cystin eines Steines ohne weiteres als verschieden vom 
Proteincystin betrachtet werden, sondern es bedarf stets der mikroskopischen 
Kontrolle. Diese ist aber beweisen.” 

He now states that only the calculus cystin, the crystals of which consist of 
needles, has a chemical constitution which is different from that of protein cystin. 

After having read the above papers, one of us (F.) immediately examined a 
small stone recently passed by ou~ patient. The stone was dissolved in hot, 
dilute ammonia-water, and the solution was allowed to evaporate in a desiccator 
containing sulphuric acid. The resulting residue consisted exclusively of typical 


hexagonal crystals. 
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2. The feeding experiments with asparaginic acid and with cystin 
described above showed that our patient was able to katabolize amido 
acids. In connection with the last feeding experiment, Table III, we 


tried one more amido acid, namely, tyrosin, 4 gm. of which was given 


to the patient on May 16th. The “ undetermined” nitrogenous rest 


obtained on this and the following two days show that this amido 


acid also, in so far as it was absorbed, was destroyed or changed 


before its nitrogen reached the urine.!. The absence of tyrosin from 


1] 


the urine was further established by means of Millon’s reagent. All 
the urines of our patient gave a slight Millon’s reaction, but this was 
no stronger than usual on the tyrosin day. 

The slight Millon’s reaction given by all the urines suggests the 
possibibility that tyrosin was present in traces, especially in view of 
the fact that one or two investigators (Conti and Moreigne) claim to 
have detected the presence of tyrosin in cystinuria urines. 

Parallel tests made with the urines and with tyrosin solutions indi- 
cated that the color reaction in the urine was not due to tyrosin. 
The color appeared immediately in the urine in the cold, while with 
the tyrosin solution heating was necessary. 

Moreigne’s test for the tyrosin as described by Simon? is more 
over of doubtful value. He treated the cystin sediments with hydro 
chloric acid when the cystin crystals dissolved and the “ rosettes” of 
“tyrosin” crystals appeared. The “rosettes” which he observed 
were probably the cystin hydrochloride. These resemble very much 
the tyrosin crystals, and they are frequently obtained when pure 
cystin crystals are treated with hydrochloric acid. 

3. In connection with our two feeding experiments with pure cystin 
it was shown by means of sulphate determinations that none of the 
cystin fed passed unchanged into the urine. One peculiarity observed 
in connection with those experiments has not yet been mentioned. 
The cystin-sulphur was eliminated as sulphates, but the cystin-nitro- 
gen was apparently not eliminated as urea. On the day following 
each cystin feeding, March 7th and May 12th, an unmistakable rise 


in the “ undetermined ” nitrogen was found. This rise was observed 
after the first cystin feeding, but in view of the result given by the 
sulphate determinations it was regarded as an accidental variation in 


one or another constituent that enters into this fraction of the urinary 
1 0.293 gm. tyrosin subjected to a “urea determination ” gave only 1.4 c.c 


#, NH; corresponding to 2 mgm. nitrogen 
2 Loc. cit. p. §2. 
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nitrogen. With the recurrence of a similar and greater rise in the 
undetermined nitrogen after feeding a larger quantity of cystin such 
an interpretation would seem improbable. 

It is not impossible that this phenomenon may furnish the expla- 
nation as to why the nitrogen metabolism of our patient is not normal. 
The increased “ undetermined ” nitrogen eliminated at the expense 
of urea and ammonia, particularly on the protein-rich diet, may to a 
large extent be derived from those cystin groups whose sulphur is 
eliminated as sulphates. 


4. The reader’s attention is called to the fact that our patient eliminated 
decidedly more kreatinin and uric acid and neutral sulphur in the last 
feeding experiment, Table III, than in the second, Table II. During 
the second experiment he did very light work, and in fact for a part of 
the time was kept quite idle on a hospital ward. During the third experi- 
ment he was kept at work as a plumber’s assistant. It seems quite 
remarkable and perhaps not altogether normal that such relatively moder- 
ate work could cause such an increase in the production of the above- 
named three constituents, but we are at a loss how to advance any 
other explanation of the facts observed. 


Nore. — While this paper was in the hands of the printer a private com- 
munication was received from Simon stating that he had just sent a brief note 
to the editor of the Zeitschrift fiir physiologische Chemie on the behavior of 
his cystinuria patient toward tyrosin. He also has obtained results which do 
not verify the findings of Neuberg and Loewi. 
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A STUDY OF THE COMPARATIVE EFFECTS OF SOLU- 
TIONS OF POTASSIUM, SODIUM, AND CALCIUM 
CHLORIDES ON SKELETAL AND HEART MUSCLE. 


By A. E. GUENTHER. 
[From the Physiological Laboratory of the Johns Hopkins University, 1 


HE very numerous facts which have been published since 1875, 
when Merunowicz! showed the relation existing between the 


inorganic constituents of the frog’s serum and the activity of the 


heart, indicate with a high degree of probability the essential impor 
tance of potassium, calcium, and sodium salts in the maintenance of 
the normal condition of muscle tissue. These salts, in order that 
they may be most efficacious, must exist in definite proportions in the 
solution surrounding the muscle, and in such amounts as to form a 
medium isosmotic with the tissue fluids. For the terrapin’s heart, as 
an example, the proportions must approximate those in a Ringer 
solution of NaCl 0.7 per cent, CaCl, 0.026 per cent, and KCI 0.03 
per cent.2, The percentages of these salts may vary within limits 
depending upon unknown differences in the kind of muscle® and 
upon the condition in which amuscle may chance to be at a given 
time.* 

In 1899 Loeb® called attention to the fact that the production of 
the specific effects of the salts in question is intimately connected 
with their being in a state of dissociation. Since then it has been 
generally agreed that the physiological changes produced are ionic 
effects. It is highly probable that anions,° as well as kations, influ- 

1 MERUNOWICZ: Arbeiten aus der physiologischen Anstalt zu Leipzig, 1875, x, 

2 GREENE: This journal, 1898, ii, p. 82. 
Row: Journal of physiology, 1903, xxix, p. 440. 
RINGER: Journal of physiology, 1887, viii, pp. 20, 288; MARTIN: This jour 
nal, 1904, xi, p. 103. 

§ LoeB: Ueber Ionen welche rhythmische Zuckungen der Skelettmuskeln 
bevorrufen, Festschrift fiir A. Fick, Braunschweig, 1899. 

® Logs: This journal, 1900, iii, p. 327. 
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ence the reactions of an immersed muscle, but the importance of the 
kations is both greater and more immediate. The method of their 
action is by no means clear. Loeb! considers the ions as forming 
definite chemical combinations with the living matter of the muscle 
so that there may be sodium-, calcium-, or potassium-proteid 
compounds. The proportion of these compounds formed depends 
upon the relative number of sodium, calcium, and potassium ions 
which leave the medium surrounding the muscle and diffuse into the 
tissue. If any one ion increases in numbers, it supplants a certain 
number of the ions of other ion-proteid compounds until the relative 
proportions of the latter are the same as those of the uncombined 
ions. 

The impression given by Loeb’s published statements on this 
point is that the substance of the muscle fibre is freely permeable to 
ions, but that the sarcolemma forms a more or less semipermeable 
membrane. In contrast to this stands the more definitely expressed 
opinion of Overton? that there is little if any diffusion into an 
inactive muscle. The latter is regarded as a complex system of 
structures of limited permeability surrounded by sarcolemma and 
perimysium of entirely different osmotic properties. The sarco- 
lemma and connective tissue envelopes offer no resistance to the 
diffusion of most crystalloids in solution, but the muscle fibres them- 
selves as long as they remain normal are impermeable, or nearly so, 


to the majority of inorganic substances. During the process of con- 


traction, however, the permeability is altered so that diffusion takes 
place to an extent sufficient to produce physiological effects. Over- 
ton ® states that when a muscle is immersed in a solution of electro- 
lytes under such conditions that physiological effects are produced 
the concomitant diffusion does not follow the ordinary laws of diffu- 
sion, so that it is necessary to assume an active participation of the 
living muscle. 

There is a general consensus of opinion that potassium salts in a 
bathing medium produce, or tend to produce, an inhibition of vital 
processes if they are present in sufficient quantities, but considerable 
differences of opinion exist with regard to the exact rdle played by 
the kations calcium and sodium. The investigation of the part they 
play has been prosecuted most vigorously in connection with contrac- 


1 LoeB: This journal, 1900, iii, p. 327. 
2 OveRTON: Archiv fiir die gesammte Physiologie, 1902, xcii, p. 115. 
3 OvERTON: Archiv fiir die gesammte Physiologie, 1904, cv, p. 207. 
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tion phenomena. In 1893 there appeared a research by Howell and 
Cooke! in which the authors undertook an investigation of t 

tive nutritive powers of serum albumin and serum globulin in 
maintenance of the heart in activity. Their work led them to a 
special study of the sodium-calcium-potassium mixture on account of 
its remarkable power of sustaining the rhythmicity of the heart. A 
series of papers brought out under Howell's initiative culminated 
in his well-known theory of the relation of sodium, calcium, and po- 
tassium salts to the production of the heart beat. This theory” is 
the logical outcome of the fundamental work begun by Ringe It 
lays special emphasis upon the importance of calcium 

Seemingly opposed to this theory is the one of Loeb, which, based 
upon Biedermann’s observation made in 1881 that a frog’s sartorius 
will twitch in an alkaline solution of sodium salts, has been used to 
interpret the experimental results obtained from a great variety of 
rhythmically contractile tissues. _Loeb’s views‘ are of interest here 
only in so far as stress is laid upon the importance of the sodium ion 
in the production of rhythmicity. In 1900 Lingle ® attempted to ap- 
ply Loeb’s views to the phenomena of the beating heart. He dif 
ferentiated between agents which start a series of beats and those 
which maintain the series when once started, placing sodium among 
the former and calcium among the latter. The rhythmical contrac- 
tions of the heart in 0.7 per cent saline are regarded as homologous 
to the twitches of striated muscle in the same solution. It is indeed 
desirable to establish a parallel in the reactions of the two tissues 
which, though alike in some respects, are nevertheless unlike in 
others. The inhibitory effect which calcium in _ physiological 
amounts exerts upon the twitches of skeletal muscle immersed in 
saline becomes an augmentor effect when this ion is applied to heart 
strips beating in saline. 

A rapidly growing literature has made it strikingly evident that 
the reactions of a great variety of tissues to the same electrolytes 
differ markedly. In illustration of this may be cited the fact that 
potassium salts are less injurious to many plant cells than are the 

1 HOWELL and CooKE: Journal of physiology, 1893, xiv, p. 19 

2 HOWELL: This journal, 1902, vi, p. 181. 

8 RINGER: Journal of physiology, 1883, iv, pp. 29, 370; 1884, v, p- 352; 1555, 
vi, p- 154; 1886, vii, p. 291; 1887, viii, pp. 20-288. 

4 Loren: Ueber Ionen welche rhythmische Zuckungen der Skelettmuske! 
bevorrufen, Festschrift fiir A. Fick, Braunschweig, 1899. 

§ LINGLE: This journal, 1900, iv, p. 270. 
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corresponding sodium salts; the reverse being true for muscle 
fibres.!_ Lillie? has shown that pure sodium chloride solutions pro- 
duce rapid deterioration of the cilia of Arenicola larvae, while Max- 
well® has found it comparatively innocuous to the cilia lining the 
frog’s cesophagus. Pure distilled water is generally agreed to be 
harmless to fresh-water organisms, but Bullot * has demonstrated that 
this is not true for the fresh-water Gammarus. Many other exam- 
ples might be given. Cardiac and skeletal muscle present two im- 
portant points of difference in their power of response to excitation. 
The former is characterized by a relatively long refractory period and 
by the fact that its contractions obey the “all or none” principle. 
The possibility is apparent that these tissues may likewise differ in 
their reactions to salts in solution. For this reason it has seemed 
desirable that a detailed study should be undertaken of the similar- 
ities and dissimilarities of the effects of sodium, calcium, and potas- 
sium chloride upon heart and skeletal muscle. 

This work was done at the suggestion and under the direction of 
Dr. Howell, to whom the author is greatly indebted for ever constant 
interest and guidance. 

The apparatus varied with the requirements of the experiments, 
but was always of the simplest description. The distilled water and 
the salts were prepared after the customary manner of this labora- 
tory, as described by Greene.® Theamount of the solutions used was 
twenty-five cubic centimetres at a time. In the majority of the tests 
the sartorius of the frog and heart strips from the ventricle of the 
terrapin were the tissues used. Experiments carried out on other 
muscles of the frog show that different muscles exhibit minor vari- 
ations. Warm weather also modifies the results.® 


TONE CHANGES. 


Pure isotonic solutions. — When the sartorius muscle which has 
been carefully removed from the body of a frog is suddenly surrounded 
by a 1 per cent solution of potassium chloride (approximately iso- 
tonic with the body fluids), it exhibits a moderately rapid contraction 


1 OverTON: Archiv fiir die gesammte Physiologie, 1904, cv, p. 207. 
2 LILLIE: This journal, Igo1, v, p. 56. 
MAXWELL: This journal, 1905, xiii, p. 154. 
4 BuLLOT: University of California publications, Physiology, 1904, i, p. 199. 
5 GREENE: This journal, 1898, ii, p. 82. 
§ MARTIN: This journal, 1904, xi, p. 103. 


7 
at 
q 
t 


Lffects of Solutions on Skeletal and Heart Muscle. 


followed by a somewhat slower relaxation, both changes being readily 
followed with the eye, and one or both may be either regularly progres 
sive or made up of a series of rapid twitches. The relaxation may not 
be complete. It may be marked by a small contraction remainder 
which slowly disappears. Or if the muscle happens to be in condi- 
tion of slight contraction brought on by handling or otherwise, it may 
relax to a length greater than that before immersion. In any case, if 
allowed to remain in the solution, it continues in an extended condi- 
tion, showing, however, a second very slight but constant variation in 
its length. Experiments in which the muscle is so arranged as to 
record this variation upon a slowly revolving drum give evidence that 
the initial potassium contraction is followed by an almost impercept 
ible lengthening during the first quarter of an hour, after which the 
muscle grows shorter. 

This second contraction continues for about twenty-four hours, 
when it reaches a maximum. The immersed sartorius now relaxes at 
a somewhat more rapid rate than the previous shortening, until the 
writing-point has sunk far below the level of the starting-point. Ex- 
treme relaxation is reached from the fourth to the sixth day after im- 
mersion, when in nearly all cases putrefaction is well advanced. The 
details of a typical experiment are recorded in column 2 of Table I, in 
which, however, the changes in length due to the first potassium 
contraction are omitted. 

The relatively rapid changes in length resulting from the first con- 
tact of the muscle with the solution, and which may be designated 
the “ initial potassium contraction ” are omitted for the present and will 
be discussed separately later on. A 2 per cent solution of potassium 
chloride gives qualitatively the same results as a I per cent solution. 
Miss Moore! has described a somewhat similar behavior of the gas- 
trocnemius. When placed in strong solutions, an immediate strong 


contraction with occasional twitching occurs. This is followed by a 


( 
light relaxation, which sometimes amounts to one-half of the original 


contraction. Contraction then begins again and continues until rigor 
is complete. After rigor complete relaxation again occurs. 

These changes in length as given in Table I follow in a general way 
the changes in weight which the muscle exhibits. These have been 
determined by Overton,” who states that the muscle may after twenty 
to twenty-four hours attain double the original weight, after which it 


1 Moore: This journal, 1902, vii, p. 1. 
2 OveRTON: Archiv fiir die gesammte Physiologie, 1904, cv, p. 207. 
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loses again until it is reduced to one and one-half times the original 
weight. He states that during this time the muscle shows no changes 
in length, but remains in an extended condition. Since the changes 


TABLE I. 
Changes in the length of the sartorius muscle of the frog in isotonic solutions. Mag 
nification 3 X. The plus and negative signs refer to positions above and below the level 


of the starting-point respectively. 


KCl 1 


Second contraction. 


Jan. 16, 10.00 a. 
2.00 

400 P.M. | +]. +49.50 

17, 9.30 a. 410.5 129.50 
11.00 

12.00 M. 
2.00 


3.00 P. M. 


5.00 P 
18S, 10.00 
5 00 
19, 10.00 


20, 9.00 


29.00 33 6.00 


-29.00 


shown in Table I might possibly be due to the increased weight of the 
sartorius disturbing the balance of the writing-lever, a number of ex- 
periments were made in which a weight equal to that of the muscle 
was added tothe latter. Nochange in the position of the writing-point 
occurred. It required, in fact, a load more than six times that of the 
muscle to overcome to an appreciable extent the friction of the record- 
ing mechanism. Either Overton’s frogs differ, in this respect, from 


wa 
‘3 
Time (NaC! 0.7%. CaCl, 1 
mm. mm mm. 
\ | 
¢ —2.25 ~9.50) 
q . M $25 10.00 25.50 
a M 6.50 13.75 24.25 
.M 10.00 16.00 23.50 
‘ M 12.25 17.75 20.75 
17.00 ~22.50 £15.50 
> 
21. 10.00 A.M 23.00 26.75 6.00 
“ 92, 3.00 P.M 
“ 23, A.M 33.00 
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those used here or he overlooked these small changes, which roug 
amount to only one-tenth of the muscle’s length. 

When immersed in a 0.7 per cent sodium chloride solution, the sar 
torius manifests a loss of tone which reaches its maximum extent, : 
in the case with potassium chloride, during the fourth t 
day. This is shown in the third column of Table I. Usually 
initial fall is followed by a more gradual one, which in turn 
accelerated when putrefaction is well under way. The fall 
rarely absent. Out of seventy-six tracings taken at randon 
to appear in but one case, and in all of these the characteristi 
twitches were present. It has been determined by Overton an 
that there is a slight gain of weight by the muscle immersed in a 
isotonic sodium chloride solution. According to Loeb! the gain varies 
from 6 to 8 per cent of the original weight during eighteen hours’ 
immersion. The fact that the shortening of the muscle is not 
dependent upon changes in weight, which is evident in the case of 
potassium chloride, is more marked in sodium chloride, where a loss in 
tone accompanies a gain in weight. It is also shown by the behavior 
of the sartorius in calcium chloride. Solutions of the latter, isotonic 
with 0.7 per cent sodium chloride, produce during the first twelve 
hours a great increase in tone which disappears slowly. This is 
shown in the fourth column of Table I. According to Overton * 
there occur during the first fifty-five hours of immersion in a 1 


per cent calcium chloride solution a slight loss in weight and then a 
gain. 


In the investigation of the functional alterations taking 


within the muscle, changes in length, or tone changes as they are 


here called, form a far more delicate indicator of such alterations 
than do changes in weight, but in turn are less delicate than 
changes which can be observed to take place in the processes of 
traction and relaxation caused by an electrical stimulus. If, 
example, a sartorius muscle is immersed inal per cent solution of 
potassium chloride, certain alterations take place during the fir 

to twelve minutes. Periodical stimulation of the muscle reve 
rapidly declining power of the muscle to contract. If 

changes only are observed, there may be witnessed the single pre- 
liminary potassium contraction or potassium twitches followed by a 


! Loes: Archiv fiir die gesammte Physiologie, 1899, Ixxv, p 


2 OveRTON: Archiv fiir die gesammte Physiologie, 1904, cv, p 
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loss of tone, while changes of weight as stated by Overton cannot be 
demonstrated with certainty during this period. 

The experimental results upon the tone of the sartorius obtained 
with pure solutions of sodium, calcium, and potassium chloride iso- 
tonic with the frog’s tissue fluids, show that sodium chloride permits 
a relaxation of the muscle which merges gradually into the final 
lengthening due to the disorganization of the tissue. Calcium chlo- 
ride produces a slow shortening, which persists until the final disor- 
ganization, when the tissue becomes stretched under the influence of 
the weight which it supports. Potassium chloride produces a moder- 
ately rapid shortening and relaxation. The relaxation merges into 
a slower lengthening, which in turn is not readily separable from the 
final lengthening due to the internal disintegration of the structure of 
the muscle. The fact that the sartorius exhibits a rapid contraction 
and relaxation followed by a slower shortening and lengthening may 
possibly be due to a mixture of two different contractile elements 
which, either in Gritzner’s! or in Bottazzi’s? sense, enter into the 
formation of the sartorius of the frog. It is conceivable that the two 
elements may differ in their response to solutions of potassium chlo- 
ride in such a way that the contraction and relaxation of one take 
place long before the other. 

The effects of pure solutions of sodium chloride and calcium cbhlo- 
ride on terrapin’s heart and on frog’s sartorius are quite similar as 


regards tone changes. In both muscles sodium chloride produces a 


loss and calcium chloride a slow increase in tone. The shortening 
produced by calcium in the heart is more vigorous than that shown 
by skeletal muscle, coming on more quickly, but being of shorter 
duration. In both relaxation occurs sooner or later. In one instance 
the sartorius began to relax six hours after immersion, while the heart 
had already begun to relax at the expiration of the first hour. But 
towards potassium solutions they present a marked disagreement. 
Heart strips taken from the ventricle of the terrapin or frog and 
placed in a1 per cent solution show no stimulation effects, but mani- 
fest only a progressive loss of tone. This forms one of the most 
striking differences in the reactions of the two tissues in question. 
However, it should be stated at this point that a reference to the lit- 
erature does not bear out this point very satisfactorily. Stiles* has 

1 GRUTZNER: Recueil zoologique suisse, 1884, i, No. 4. Reference taken 
from Biedermann’s Electrophysiologie, i, p. 111. Translated by Welby. 

2 Botrrazzi: Journal of physiology, 1897, xxi, p. I. 

8 STILES: This journal, 1903, viii, p. 271. 
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shown that for stomach tissue potassium chloride has a rel 
effect as long as the percentage is below 0.15, — higher d 
a tonic contraction. Martin! corroborates these res 

rapin’s heart, but places the amount necessary at 

‘* About 0.23 per cent potassium chloride appears to 

which variations in tone do not occur in either direction. 

states that 1 per cent potassium chloride applied to heart. strips 
beating previously in dilute serum resulted in one or two spasmodic 
contractions and then quiescence in a condition of tone. L 

has reported that a solution of potassium chloride, equimolecul: 

0.7 per cent sodium chloride, always causes a tonic shortening in striy 
that are not beating. The author’s results ar 


not opposed to those 


Martin's, Greene's, and 
ly 


stated above if the assumption is made tha 
Lingle’s tests were not carried out on perfectly fresh strips. Fresh 
strips placed directly into a1 per cent solution of potassium chlo- 
ride always gave relaxation. One-half of the number of strips placed 
in 0.7 per cent saline for one, two, three, and four hours gave single 
beats upon transferal to potassium chloride. Previous immersion in 
Ringer for two to three hours gave rise to small contractions in the 
strip on subsequent treatment with potassium. Subjection to Ringer 
for two hours followed by a short bath in 8 per cent cane-sugar 
gave rise to a slow contraction and relaxation of the strip when im 
mersed into I per cent potassium chloride, and these changes were 
of greater amplitude than when Ringer alone was used. Frequent 
stimulation of the strip with break-induced currents, while being sub 
jected to Ringer solution for one-half hour was followed by a 
contraction on subsequently exposing to potassium. ‘These re 
were established in twenty experiments on strips taken from the | 
tricle of the common slider terrapin, Pseudemys rugosa, during 
months of March and April. They can be accounted for 
assumption that the shortening produced by potassium is depei 
upon the presence of calcium in the tissue in a particular f 
calcium is supplied by bathing the muscle in Ringer or by 
the muscle under conditions that permit the spontaneous « 
of calcium from an ineffective to an effective form, as has | 
posed by Martin,’ then the strip becomes capable of respondin 
the potassium solution. 
1 MARTIN: This journal, 
* GREENE: This journal, 
LINGLE: This journal, 


* MARTIN: This journal 
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Combinations of two isotonic solutions. — The loss in tone of the 
sartorius which takes place when immersed in a 0.7 per cent saline 
solution is very slightly if at all influenced by small additions of 
potassium chloride. In this respect there isa point of difference 
between skeletal and cardiac muscle. Greene states that terrapin 
heart strips in 0.7 per cent sodium chloride plus 0.03 per cent potas- 
sium chloride almost always show excessive loss of tone. If the 
potassium is added to the sodium as a1 per cent solution, then the 
mixture remains isosmotic to the tissue fluids, but the solutions 
become mutually diluted. If, then, while the percentage of potassium 
becomes greater and the percentage of sodium becomes less, the 
effects of these combinations on the sartorius muscle are noted, it will 
be observed that among the first effects of the potassium is the sup- 
pression of the c’.aracteristic sodium twitches. With a further in- 
crease of the potassium chloride a phenomenon characteristic of the 


potassium begins to appear, namely, the initial potassium contraction. 


Small at first, this potassium contraction grows as the potassium con- 
tent of the mixtures is made greater. A fresh vigorous sartorius 
first washed in saline may respond with a minimal potassium con- 
traction if submitted to a solution consisting of 0.7 per cent saline 
plus 0.04 per cent potassium chloride, although sudden immersion into 
saline alone produces no effect. By first immersing into saline the 
error which might arise as the result of closing the demarcation 
current is avoided. 

The minimal amount of potassium necessary in a mixture of 0.7 
per cent sodium chloride plus 1 per cent potassium chloride in order 
to produce the second shortening which the sartorius may exhibit is 
not easily determined. Three muscles in solutions containing less 
than 0.04 per cent potassium, after a preliminary fall, began to shorten 
at intervals varying from six to twenty-four hours after immersion ; 
but six others showed onlya loss in tone. All of twenty-five muscles 
placed in solutions containing more than 0.04 per cent potassium 
gave rise in tone. 

If in a similar manner there are added gradually increasing amounts 
of a 1 per cent solution of calcium chloride to 0.7 per cent saline, the 
loss of tone in the sodium chloride is replaced by an incréase in tone 
due to the calcium. The latter in minute doses is not so efficient in 
causing a shortening of the muscle as is potassium. Beginning with 
an amount as low as 0.05 per cent in saline, the sartorius always showed 
some contraction, although the variations in the extent of the short- 
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ening were considerable. <A short preliminary fall was often observe 
arising from the fact that the latent period of the calcium ettect 
long, and during this time the muscle lengthens under the influen 
of the attached load. Calcium present in saline in amounts less 

0.01 per cent always permitted the muscle to relax. Like potassium, 
but even more readily, it inhibits the sodium twitches. 

A comparison of the effects of combinations of the chlorides 
sodium and calcium on heart strips and skeletal muscle shows that 
the tone changes produced are in general much alike in the two 
Calcium, as soon as the amount exceeds that in a Ringer m 
antagonizes the relaxation which pure saline permits. When it 
as much as 0.05 per cent of the mixture, it gives rise to a slow 
ening of the muscle. Heart strips respond much more quicl 
calcium than do skeletal muscles. 

Mixtures of sodium chloride plus increasing doses of potassium 
lead only to progressive elongation in terrapin heart strips as long as 
they remain in a fresh condition, while such solutions will produce 
the characteristic potassium contraction in the animal's skeletal 
muscles. The rapidity with which potassium produces a contraction 
in skeletal muscle stands in contrast to the slow shortening due to 
calcium. 

Combinations of the three solutions.—In studying the effects of 
mixtures of the three solutions — sodium, calcium, and potassium 
chloride — in varying proportions on the sartorius of the frog, it is 
convenient to begin with a Ringer solution in which the amounts 
exist in physiological percentages, or nearly so. The Ringer mixt 
permits an elongation of the muscle under the influence of 
tending weight very much as in simple saline, but the elong 
perhaps, not so great. Variations in the state of tone 
produced by proper changes in the percentages of the 
stituents. Observing the precaution that the mixture as a whol 
main approximately isotonic with the tissue fluids, it may be s 
that a relative increase of the calcium over the other ions produ 
increase in tone. That a relative increase of potassium leads to d 
minished tone unless the preponderance is excessive. An increase in 
the relative proportion of the sodium ions leads to diminished tone as 
in pure saline. The effects upon ventricular heart strips from the 
terrapin resemble precisely as regards tone those of the frog's sarto 
rius except in the case where potassium is present in large amounts 
The preliminary potassium contraction does not take place, and as 
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long as the ventricular strip remains fresh only diminished tone is 
observed. 

The effects after previous treatment. — If the actions of the salts in 
question are due to the diffusion of ions into and out of the muscle, 
it is to be expected that preliminary treatment of the muscle so as to 
change its ion content or perhaps change only the surface layer would 
affect the results obtained from subsequent treatment with the chlo- 
rides of sodium, calcium, or potassium. With this possibility in view 
the sartorius was given baths in 7.7 per cent cane-sugar solutions for 
varying lengths of time, after which followed immersions into isotonic 
solutions of the three chlorides, singly or in combination. The data 
derived from more than one hundred and fifty experiments bearing 
on this point may be summarized as follows: A solution of cane- 
sugar applied to the sartorius of the frog produced in the majority of 
cases no changes in tone for many hours. Eventually an increase in 
tone was obtained. Immersion into 0.7 per cent saline for from one 
to five hours altered the muscle so that the application of cane-sugar 
gave an immediate increase in tone in thirty-eight out of forty-three 
muscles. The addition of calcium chloride in physiological amounts 
to the sodium chloride rendered an immersed muscle more resistant 
to subsequent application of cane-sugar. The shortening produced 
by the sugar was to some extent at least readily reversed by plunging 
the muscle into pure solutions of sodium, calcium, or potassium. The 
subsequent behavior of the muscles if allowed to remain in these so- 
lutions was much as if the preliminary bath in sugar had not been 
given. Sodium chloride caused continuous relaxation; calcium chlo- 
ride a more vigorous contraction and potassium chloride, also in time 


yroduced a slow contraction and relaxation. Brief preliminary treat- 
| 


ment with sugar did not destroy the first potassium contraction, but 
longer exposure prevented its occurrence. 

If after an hour’s bath in sugar the sartorius is transferred toa 
mixture of cane-sugar and varying amounts of sodium chloride, the 
changes in tone, if any at all are produced, are small and in the ma- 
jority of cases in the direction of relaxation. Similarly, transferal 
after an hour’s sojourn in 8 per cent cane-sugar to mixtures of 
cane-sugar plus calcium in varying amounts causes a shortening of 
the muscle when the calcium is present in sufficient amount to pro- 
duce any effect at all. If small amounts of potassium chloride, z. ¢., 
physiological doses or less, are added to the sugar solution, they ap- 
parently have no effect on the tone changes. Comparatively large 
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amounts in sugar allow a preliminary relaxation. The tone chan 
produced by sodium or potassium under these conditions are alm 
insignificant when compared with those produced by calcium. 
rhe results of the experiments taken altogether seem to indica 
that approximately isotonic solutions of cane-sugar produce 
t 


changes until after long immersion or when there is reason t 


that the muscle has begun to undergo deterioration. The su 


its action produces a stage during which the sartorius is mor 
tive in its reactions to sodium, calcium, and potassium chloride 
ceeded by a later stage during which this sensitiveness is so r 
that it falls below normal. 

A comparison of the effects produced by a sugar solution on 
frog’s sartorius with those produced in terrapin heart strips sho 


+ 
tone I 


general much similarity. Heart strips show a loss in 
hour or less followed by an increase, while the sartorius may el 
when first immersed, but the development of tone is readily produ 
If calcium chloride is added to the sugar solution after the heart str 
has been immersed in it for some time, it shows a tendency to go int 
excessive tone. The sartorius under like conditions also develops tone 
If potassium chloride is added in small quantities, it either exerts 1 
effect or produces an increased tone in terrapin heart strips. Int 
sartorius there is also the production of tone, althou 
much slower development. In both ventricular strip and sart 
the increased tone due to the immersion in sugar is reversed 


applying 0.7 per cent saline. 


THE PoTaAsstuM CONTRACTION. 


Since the discovery by Bernard and Grandeau! that potass 
salts in suitable strengths call forth contractions of skeletal 
this fact has been corroborated by many observers. Among 
may be mentioned Zenneck,? Griitzner,®? Zoethout,? and O 
Grutzner, finding a 4 per cent solution ineffective when appli 
a motor nerve, got a prolonged contraction by applying tl 


solution to a curarized gastrocnemius. Zoethout describes 
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a series of contractions obtained by alternately applying potassium 
and calcium chloride to a gastrocnemius muscle, and calls attention 
to the antagonistic effects produced by the potassium and calcium 
respectively. Overton records the changes in the weight of a frog’s 
sartorius when subjected to solutions of potassium chloride. No 
changes in weight during the first ten to twelve minutes could be 
determined with certainty. 

The number of contractions evoked by immersions into potassium 
chloride is a small one. Alternation of potassium chloride with 


| 
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FiGgurE 1.— Portion of a curve showing contractions of the sartorius muscle of a small 
bull-frog obtained by immersing into KCI solution. Temperature, 25°. At 1, immer- 
sion into NaCl; solution removed at 2; 3, immersion into KC]; 4, into NaCl; 5, into 
KCl; 6, into NaC]; 7, in CaCl,. One minute each, with intervals of same duration. 
Solutions used were 0.7 per cent NaCl, 1 per cent KCl, and 1 per cent CaCly. The 
small dot near the top of each contraction indicates removal of K solution. 


sodium chloride increases the number; an alternation of potassium 
chloride with calcium chloride gives a still greater number of con- 
tractions, and the application of the three chlorides in rotation gives 
the best results of all. This procedure when carried out on the sar- 
torius of the frog gives a series of contractions like that produced by 
periodic electrical stimulation. The series shows sometimes one or 
more preliminary contractions of diminishing height analogous to 
the “introductory contractions,” then a series of increasing height 
comparable to the “staircase,” and finally a series of diminishing 
height as in “fatigue.” A portion of such a curve is shown in 
Fig. 1, which was obtained from the sartorius of a small bull-frog. 
The solutions used were I per cent potassium chloride, 0.7 per cent 
sodium chloride, and 1 per cent calcium chloride, into each of which the 
muscle was immersed one minute at a time with intervening rests of 
the same duration when the muscle hung suspended in the air. Att 
the muscle was immersed in sodium chloride, which was removed at 2. 
At 3 the immersion was into potassium chloride. A rapid contrac- 
tion followed, marked by irregular twitches on the descending limb. 
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At 4 the solution was replaced by sodium chloride. At 5 the muscle 
was again placed in potassium chloride, at 6 in sodium chloride, and 
at 7 in calcium chloride, and then once more, at 8, in potassium 
chloride. The contraction beginning with 8, and the remaining mem- 
bers of the series were obtained by applying potassium, sodium, and 
calcium in rotation. 

There is, therefore, a great difference noticeable in the 
of the first contraction and all that foilow, — for in the 
movement is slower and smoothly progressive; 7. ¢., the myogram 
shows no irregular twitches. This difference is a constant one 
When the temperature is comparatively low, the muscle a vigorous 
one, and the subjection to the potassium chloride solution of brief 
duration, the muscle may respond several times to the application of 
the potassium, but usually there is but a single response, as shown in 
the accompanying curve. Whether left in the solution or withdrawn 
so as to hang in the air, the sartorius relaxes completely or nearly so. 
The behavior of the muscle when left in the solution for several days 
has already been described. The irritability disappears within a few 
minutes so that the muscle responds to neither mechanical nor ele« 


trical stimulation. Treatment with a bath of either sodium or cal 


cium chloride restores the ability of the muscle to respond to 
potassium. But the series of contractions produced by an alterna- 
tion of potassium and sodium differs decidedly from that produced 
by an alternation of potassium and calcium. The former is of shorter 
duration, the individual contractions of rapidly lessening amplitude, 
and complete relaxation to the base-line follows each shortening. In 
the latter the series is a longer one, but the muscle relaxes incom- 
pletely after each contraction, so that the lever rises as in contracture 
until the individual contractions become very small. An alternation 
in a similar manner of calcium chloride with sodium chloride pro 
duces no visible changes in the muscle. A series of contractions of 
maximum duration can be obtained only by the employment of all 
three solutions, — potassium, sodium, and calcium chlorides. Whether 
the calcium and sodium are applied separately or at once in a mixed 
solution matters little, except that it is better to use a mixture of 0.7 
per cent sodium chloride with little calcium than a mixture of 1 per 
cent calcium chloride plus a small amount of sodium. The alternation 
of potassium chloride and a Ringer mixture also gives a good series. 

As has been stated before, of the series so obtained the first con 


traction always (and sometimes the first two or three) differs in 
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character from the remainder. It possesses by far the shortest 
latent period which in fifteen determinations averaged 0.26 second 
—the extreme values varying from 0.045 second to 0.54 second. 
In contrast to this the latent period of the remainder of the series, as 
shown by seventy-one determinations made on eight muscles, equalled 
0.8574 second on an average. The extreme individual values were 
0.546 and 1.092 seconds. The method of obtaining the time rela- 
tions of the contractions produced by the potassium chloride was 
the following: A drum driven at a uniform speed of five and one- 
half millimetres per second by an electric motor was marked by 
vertical lines so placed that the distance between them represented 
intervals of ten seconds each. The lower end of a sartorius muscle 
was attached to an L-shaped glass rod, while the upper end was 
attached to one end of a recording lever. As the drum revolved, 


the writing-point passed in succession the vertical lines on the drum, 
and at the moment of crossing a beaker holding about twenty-five 
cubic centimetres potassium chloride or other solution to be tested 
was quickly brought up so as to surround.the muscle. The figures 
given for the latent period are, therefore, too large, as no correction 
was made for the reaction time, for the time required to bring the 
solution up around the muscle, or for variations in the size of the 


muscle. But they serve the purpose intended, giving qualitatively 
the changes produced in the reactions of the muscle under the in- 
fluence of the three electrolytes. 

The rapidity of shortening of the first contraction is strikingly 
greater than that of the others, reaching a maximum in 6.08 seconds 
when relaxation sets in, even though the muscle remains immersed in 
the potassium chloride. Usually the solutions tested were allowed to 
act upon the muscle ten seconds at a time, with intervening pauses of 
like duration during which the muscle hung in the air. Under such 
conditions the layer of fluid clinging to the surface of the muscle 
made the immersion equivalent to one twice as long. And, as a 
matter of fact, it was found that the exact time of removal of a solu- 
tion could be varied through a considerable range without affecting 
the result, but the time of application had to be exact. 

The time required by a muscle to reach its maximum of shortening 
when exposed to a solution of potassium chloride depends upon the 
immediately preceding treatment to which the muscle has been sub- 
jected. Ina series obtained by alternately immersing the muscle into 
I per cent potassium chloride for twenty seconds and a Ringer solu- 
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tion for sixty seconds, it was found that the average time of shorten 
ing after the first contraction equalled 7.755 seconds. This average 
expresses the results of twenty determinations made on four muscles 
If in place of alternating potassium chloride and Ringer, potassium, 
calcium, and sodium — or potassium, sodium, calcium, and sodium 
are alternated within the same time limits, then the period of shorten 
ing grows to more than twenty seconds. This is the average of forty- 
eight determinations made on two muscles. 

The first relaxation of a potassium contraction series is app 
uninfluenced by immersion in Ringer, sodium, or calcium. It runs 
its course, reaching the base-line in 50 per cent of the observations 
in about thirty seconds. In the remaining 50 per cent a small 
contraction remainder was still present at the end of thirty seconds, 
which although gradually diminishing continued for more than sixty 
seconds. All relaxations after the first are noticeably influenced by 


immersing the muscle into 0.7 per cent saline, I per cent calcium 


chloride, or 8 per cent cane-sugar. These agents all produce an aug 
mentation of the rate of lengthening. In their effectiveness in pro 
ducing this result they stand in the following order: sodium, calcium, 
and sugar. This may be judged by the completeness of the relaxation 
which results in a given time. Thus it was found that in sodium 
chloride the muscle relaxed 91.27 per cent of the height of contrac- 
tion in ten seconds; 97.11 per cent in twenty seconds. When sodium 
chloride was replaced by 1 per cent calcium chloride, the lengthening 
in ten seconds was only 76.17 per cent; in twenty seconds, 92.11 per 
cent. 

Relaxation in sugar takes place at a still slower rate, the amount 
varying according to the previous treatment which the muscle has 
undergone. If, for instance, a sartorius is repeatedly immersed in 
the following solutions in the order given, — K, sugar, Ca, sugar, Kk, 
sugar, Na, sugar, etc.,— it will be found that the relaxation of a 
potassium contraction is altered regularly as a calcium or a sodium 
bath precedes the immersion into potassium. When the immersion 
into potassium has been preceded by a bath in calcium chloride, the 
relaxation in sugar equals 57.32 per cent of the total amount in ten 
seconds; 84.50 per cent in twenty seconds. When a bath in sodium 
chloride has preceded the potassium contraction, then the relaxation 
in cane-sugar equals 40.88 per cent in ten seconds; 74.12 per cent 
in twenty seconds. - The effect of the calcium bath is, therefore, not 


removed by washing for an equal length of time in cane-sugar, and 
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similar changes can be detected in the height of the contractions 
and in the latent periods. The potassium contractions preceded by 
a calcium bath are of less height (about 6 per cent), while the latent 
period is about doubled. The effect of the calcium chloride, supplied 
as it is in great amount, is not favorable to the potassium contractions, 
—a result directly the reverse of that reached for small amounts. It 
should be stated, however, that the quicker relaxation in cane-sugar 
after a previous bath in calcium in contrast to a previous bath in 
sodium does not hold true if the muscle instead of being trans- 
ferred to sugar remains in the potassium chloride. Under these 
conditions the relaxation, after a previous bath in calcium, is indefi- 
nitely prolonged. 

Similarly it can be shown that preliminary treatment of the muscle 
with cane-sugar solutions for varying lengths of time just previous 
to immersions into potassium chloride alters the results. The latent 
period is lengthened and the height of the contraction is diminished. 
Preliminary treatment with potassium chloride produces the same 
results more rapidly. If a muscle is made inactive to potassium by 
alternately placing in potassium and sodium, it may, when treated to 
long baths in 0.7 per cent saline, show considerable recovery. In 
one such experiment in which the sartorius was subjected to sodium 
chloride for two, five, eight, ten, twenty, and forty minutes, it was 
found that the ability of the muscle to contract was restored at the 
end of five minutes, but the contraction was barely visible. The 
power of the muscle to shorten increased with the duration of the im- 
mersion in sodium chloride, until at the end of forty minutes the con- 
traction reached 663 per cent of the height of the original contraction. 
Twenty seconds’ sojourn in potassium chloride again destroyed the 
power of the muscle to contract. A Ringer solution under similar 
conditions can restore the muscle within one minute. 

Based on the theory of the diffusion of ions into and out of the 
muscle, the above experiments may be explained as follows: Potas- 
sium produces a contraction followed by a relaxation in the sartorius 
when the two kations, sodium and calcium, are present in physiolog- 
ical amounts. If potassium and sodium solutions alternate so that 
the calcium present in available form diffuses out, then potassium 
rapidly becomes ineffective. If potassium and calcium solutions 
alternate so that sodium ions diffuse out, then potassium also be- 
comes ineffective in producing further contractions, for the muscle 
enters into a state of rigor. It has been shown by many observers 
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that if a muscle is placed in potassium chloride the irritability, con 
tractility, and conductivity rapidly disappear. Within certain limits 


washing with sodium chloride, calcium chloride, Ringer, or sugar 
solutions will re-establish contractility to varying degrees. After 


longer exposure this is impossible. Washing with Ringer supplies 
immediately the kations calcium and sodium. Alternating potassium 
with cane-sugar permits potassium contractions only during the time 
required for the ions of the muscle to diffuse out, and sugar has no 
power of restoring potassium contractions. Subjection of the muscle 
to calcium chloride produces definite changes that cannot be obviated 
by mere bathing in cane-sugar solutions for the same length of time. 
These changes manifest themselves, upon applying potassium, in an 
enormously prolonged contraction. Neither can a bath in 0.7 per cent 
saline obviate the changes produced by calcium. A muscle which 
has lost its power of responding to potassium by being alternately 
immersed into potassium and sodium will within one minute again 
respond vigorously if so minute a quantity of calcium as is present in 
a Ringer solution be supplied. 

From a consideration of the phenomena exhibited by the sartorius 
when immersed in isotonic solutions it seems that the reactions of the 
muscle are influenced in two ways: first, by the mere fact that one 
solution is diluted by the presence of another, which thus delays 
the typical effects; second, the solutions in question have specific 
effects upon the contractile tissue, which may be alike or may be an- 
tagonistic. It can readily be inferred that the concentration of the 
potassium chloride solutions exercises an effect upon the contraction 
called forth. In one experiment the sartorius was submitted alter 
nately to a I per cent solution of potassium chloride and Ringer 
until a series of contractions was well established. The employment 
of a 0.5 per cent solution instead of the 1 per cent effected a dimi 
nution of 55 per cent in the shortening. Change to a 10 per cent 
solution produced a contraction higher than any other of the series, 
but the deleterious effects were equally marked. When potassium 
and sodium or potassium and calcium are mixed in various propor- 
tions, but in such a way that the mixture always contains 1 per cent 
of potassium, and these mixtures are applied alternately with Ringer 
to the sartorius, they rapidly destroy the irritability of the preparation. 
The thirty-six tests thus made indicate that calcium is somewhat 
more effective than sodium in preventing a potassium contraction in 
a fresh muscle, but that when potassium is at all effective (he mixture 
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of potassium plus calcium favors prolongation of the contracted 
State. 

The rapid contraction and relaxation of the frog’s sartorius in 
response to a 1 per cent solution of potassium chloride offers an 
interesting problem. It can very readily be shown that the normal 
living condition of the muscle is essential, for anasthesia produced 
by ether vapor destroys the potassium contraction as quickly as it 
destroys the ability of the muscle to respond to electrical excitation. 
Furthermore, exhaustion of the muscle in 0.7 per cent saline by 
repeated electrical stimulation prevents the action of the potassium: 
Only a few experiments were made in this respect, but they indicated 
that the diminution in the height of the potassium contraction varied 
with the amount of fatigue of the muscle. This is only an extension 
of the results of experiments detailed above in which it was shown 
that previous exposure of the muscle to potassium, calcium, sodium, or 
sugar altered the normal condition, so that the response to potassium 
was modified. These substances are injurious to the muscle either 
per se or indirectly by allowing diffusible constituents to leave the 
muscle, or they are injurious in both ways. In the order of their 
injuriousness, if supplied alone, they seem to stand,— potassium 
chloride, calcium chloride, and sodium chloride. It requires but a 
short sojourn in potassium chloride, a longer one in calcium chloride, 
and a relatively very long exposure to sodium chloride to destroy the 
effectiveness of subsequent applications of potassium. Stimulation 
of the muscle with break-induced currents while submerged in these 
solutions shows the same order in the disappearance of excitability. 

It seems obvious, therefore, that a 1 per cent solution of potas- 
sium chloride can produce its characteristic effects only when the 
muscle is in normal condition. There is a good deal of evidence 
that the maintenance of the latter is dependent, among many other 
conditions, upon the presence of the ions sodium and calcium, and 
the difference in the results obtained by alternating potassium and 
sodium, on the one hand, and potassium and calcium, on the other, is 
very significant. In the alternation of potassium chloride and sodium 
chloride the calcium ions diffuse out of the muscle, and it is conceiv- 
able that the loss of contractility is proportional to the loss of 
calcium ions. When calcium chloride and potassium chloride are 
alternated, sodium ions leave the muscle, which then promptly goes 
into a state resembling contracture. 

These facts seem to point to the conclusion that potassium pro- 
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duces a contraction by an interaction involving calcium, and not, as is 
implied in the publications of Zoethout,' by the combined effects of 
an increase in the potassium content and a removal of the 

influence of calcium. Furthermore, if the calcium present in the 
muscle inhibits the tendency of the sodium to produce a shortenin 


and if furthermore the access of potassium by antagonizing the cal 
cium unmasks the tendency of sodium to produce a shortening and 
so induces the “ potassium contraction,” then it is to be expected 
that an alternation of potassium and sodium would call out 
series of contractions or at least a condition of contracture 
this is not the case. If, on the other hand, it is the calcium which is 
especially involved in the potassium contraction, then an alternation 
of potassium chloride and calcium chloride should bring out a series 
of contractions and tendency to contracture, which as a matter of 
fact actually occurs. Moreover, when after an alternation of potas 
sium chloride and sodium chloride the potassium is no longet 
to evoke contractions of the muscle, a supply of calcium restores to 
its full extent the power of the muscle to respond. 

Additional evidence of the importance of calcium to the muscle is 
the fact that the application of reagents that are precipitants of cal- 
cium, like sodium sulphate or sodium oxalate, destroys the ability of 


the potassium solution to produce contractions. A mixture of 0.7 


per cent saline and a saturated solution of sodium oxalate in proper 
proportions induces contractions which to all appearances are like 
those produced by potassium chloride. It is very tempting to as- 
sume that the method of action of both is the same. Martin? in his 


investigation on terrapin heart strips was led to the hypothesis that 


there is a spontaneous conversion of calcium from an ineffective to 


an effective form, particularly under the influence of sodium chl 

That a similar conversion may take place in skeletal muscle is 
made probable by immersing a sartorius alternately into potassium 
chloride and sodium chloride until potassium no longer produces 
contractions. If the muscle is then allowed to remain in 

cent saline for ten or fifteen minutes, it is found that the muscle 
regained to some extent its power of responding to potassium. It is 
not inconceivable that when potassium is suddenly supplied to the 
muscle in great quantity it may, in common with the oxalate acceler- 
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ate, the conversion of calcium from an ineffective to an effective form 
and thus produce a sudden contraction. 

Potassium chloride stimulates the muscle, but not in the ordinary 
way, for the contractions produced are not propagated along the 
length of the fibre. This is shown in the relations between the 
height of the contractions produced and the extent of the immersion. 
Table II gives the results of a typical experiment. The extent of im- 
mersion was only approximately that of the figures given. 


TABLE II 


The relation of the height of contraction to the extent of immersion. The sartorius 
muscle ef the frog alternately immersed to varying extent in 1 per cent potassium chlo- 


ride and a Ringer solution. Magnification 3 X. 


Extent of Height of Calculated 
immersion. | contraction. 


About 
About 
About 


About 


If a sartorius is fastened at its centre in such a way as to hold it 
firmly but so as not to prevent the passage of the wave of contrac- 
tion called out by electrical or mechanical stimuli, and the free ends 
of the muscle are connected with recording levers, it will be found 
that only that half of the muscle contracts that is subjected to the po- 
tassium. If the one end of a fresh muscle under such conditions has 
been injured so that quickly plunging into 0.7 per cent saline will 
close the demarcation current, it will be found that the impulse thus 
originated sweeps over the entire muscle. 

It has already been stated that the potassium contraction fails in 
fresh strips of the terrapin heart. Both cardiac and skeletal muscle 
show greater sensitiveness to the action of salts after exposure to 
conditions which are not strictly normal. The contraction which 
results, therefore, after special treatment of heart strips may be analo- 
gous to the contraction in striated muscle, but in its various phases it 
is much more sluggish. 


ag 
i 
¥ 
a 
| 
| 
mm. mm. 
? 
213 24 
S 
13 103 
3 ? 
28 24 
32 
ven 
i 
fi 
4 


Liffects of Solutions on Skeletal and Heart Muscle. 


THE FIBRILLARY TWITCHES IN SopiumM. 


Since 1881, when Biedermann! first reported that immersion of 
striated muscle in an alkaline solution of sodium salts calls forth 
fibrillary twitches, this fact has been verified repeatedly. In the ex- 
periments upon which this paper is based these characteristic sodium 
twitches were produced in practically 100 per cent of the number of 
sartorii placed directly into saline. The power of calcium chloride 
and of potassium chloride to inhibit the twitches was fully corrobo 
rated, both when small and when large additions were made to the 
solution. With minute doses the calcium acted rather more 
promptly than the potassium. It is stated that the fibrillary twitches 
may continue for days at a sufficiently low temperature. Skeletal 
muscle differs in this respect from heart strips of the terrapin’s ven- 
tricle, which according to Martin reach sodium chloride exhaustion 
in about one hour and fifty minutes. Both the twitches of the sar 
torius and the beats of the heart strips are promptly inhibited by 
large doses of potassium or calcium, for example, by a 1 per cent 
solution. But here again a difference is to be noted. In minute 
doses the sartorius twitches are indeed inhibited by calcium or potas- 
sium, and the latter may also inhibit the heart, but calcium in suitable 
amounts improves strikingly the beat of the heart. The effect of 
diluting with cane-sugar the saline solutions into which the heart 
strips are immersed has been described by Howell.” The behavior 
in this case is similar to that observed in the muscle. The twitches 
of skeletal muscle and the beats of the heart strips do not 
promptly, but have a latent period, which is very short and often ab 
sent in the sartorius, but according to Martin averages torty minutes 
in the terrapin heart. 

The results obtained by partial immersion of the sartorius into 1 


per cent solutions of potassium chloride led to a repetition of the ex- 


periments with saline solutions. The simplest way in which this can 
be done is to place the muscle on the edge of a glass slide in such a 
way that the vertical half hangs down into 0.7 per cent saline, while 
the horizontal half rests on the slide in a pool of Ringer's solution 
In these experiments the twitches were confined for varying lengths 
of time to that portion immersed in the saline, beforethe more vigor- 


1 BIEDERMANN: Electrophysiologie, i, p. 113. Translated by WeLby. 
2 HOWELL: This journal, 1902, vi, p. 181. 
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ous twitches spread to or involved the half immersed in the Ringer. 
This experiment was carried over to strips taken from the terrapin’s 
ventricle with similar results. The method of the experiment, how- 
ever, was slightly altered. Two beakers were placed side by side, 
one filled to the brim with a Ringer solution and the other with 0.7 
per cent saline. Long strips from the ventricle were hung over the 
adjoining edges of the beakers so that each half of the strip dipped 
into one of the solutions. Under these conditions the beats began 
in the end in sodium chloride, and for a short time were limited to 
this end. As they grew in intensity they involved more and more 
of the portion of the strip in the Ringer solution until the entire strip 
was active, —the sodium chloride end, however, initiating the beat. 
The period of transition from partial to total activity of the strip was 
often marked by an independence of the rate of the beat of the two 
ends, so that the sodium chloride end beat three or two times to each 
beat of the end in the Ringer. 


THE CONTRACTION PRODUCED BY CALCIUM. 


Calcium in percentages above normal in solutions of sodium chlo- 
ride or Ringer produces marked increase in the tone of both sartorius 
muscle and ventricular heart strips. : 

The slow contraction passing into an equally slow relaxation when 
the tissues in question are placed in 1 per cent solutions is acceler- 
ated in both by previous immersion into 8 percent cane-sugar. That 
the calcium contraction is localized to the portion immersed in the 
solution can be demonstrated as in the case with potassium chloride. 
The following experiment was performed. A strip from the terrapin 
heart was lightly tied at the middle and fastened immovably to a 
glass standard. The free ends of the strips were connected with 
recording levers. One end was then subjected to 0.7 per cent sodium 
chloride; the other end to 1 percent calcium chloride. The latter 
had just completed the slow contraction and relaxation resulting from 
the immersion into calcium chloride when the beats set up in the 
saline end began to pass the ligature. The curve traced on the drum 
by the calcium end of the muscle now showed a marked increase in 
tone, and exhibited irregular waves formed by groups of contrac- 
tions. The saline end of the strip showed only progressive loss of 


tone. 
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THE BEHAVIOR OF THE SARTORIUS WHEN STIMULATE! 


If the sartorius muscle of the frog while immerse: 
solution of potassium chloride is stimulated once pet 
maximum break-induction shocks, it manifests 
series of contractions. It is convenient in this and all 
ments to permit the solution in question to bathe 
fifty-five seconds in every minute. The remaining five secor 
ample time to remove the beaker containing the solution, to 
stimulus, and replace the solution. <A series thus obtained consi 
of contractions varying from one to ten in number, progressively d 
clining in height. After each contraction there is complete relaxat 
to the base line. The series of contractions becomes longer 
the potassium solution is diluted with 0.7 per cent saline, and 
length as the latter forms more and more of the mixture. 

If the sartorius in a similar manner is submitted toa per cent 
solution of calcium chloride, the resulting curve is quite different. In 
one experiment the height of the contractions diminished from forty 
millimetres to three millimetres during the first nine minutes Phe 
diminution thereafter was much slower, so that in three hours the cx 
tractions were still one millimetre high. In the mean while certai 
tone changes had taken place which raised the base line to a het 
of twenty-four millimetres in one and one-half hours. The tone was 
then again lessened for an hour and a half, when the original level 
was reached. The entire curve therefore consisted of nine initial 
contractions, rapidly diminishing in height, followed by 
small contractions superimposed upon a tone curve of three 
duration. The superimposed contractions were executed 
with equally rapid relaxations, which gave the impression 
following immer 


ternal support. In describing the tone change 
into a 1 per cent solution of potassium chloride it was found 
venient, in order to explain the phenomena, to assume the pres« 

of two contractile elements. <A similar assumption can be made in 
the case of calcium chloride where the rise in tone can be regarded 


as due to the reaction of the more sluggish element. 


Stimulation of the sartorius immersed in a 0.7 per cent saline solu 


tion gives a decidedly longer series of contractions 
immersion is into potassium chloride or calcium chlor 


good a series as in a Ringer solution. Sodium chloride, thoug 
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injurious than the potassium or calcium chloride, nevertheless has an 
effect. It leads to a state resembling sodium chloride exhaustion in 
heart strips. When in this condition physiological amounts of cal- 
cium chloride restore, sometimes to a remarkable degree, the vigor of 
the contractions, and the action of calcium in this respect stands in 
contrast to the inhibitory effect it possesses on fibrillary twitches. 
In Fig. 2 this difference is illustrated. The same amount of calcium 
applied after the same length of time stops the twitches in an un- 
stimulated sartorius, while it restores the contractions of the stimu- 


lated muscle. 


FiGuRE 2.— Upper curve.— The sartorius muscle of the frog alternately stimulated by 


tetanic stimuli of fifteen seconds’ duration and then immersed into 0.7 per cent NaCl 
for forty-five seconds. At (a) 0.072 per cent CaCl, added to the saline. Lower 
curve. — Sartorius muscle of frog immersed in 0.7 per cent NaCl, but not stimulated 
At * 0.072 per cent CaCl, added to the saline. 


This apparent discrepancy finds an explanation in the assumption 
once more of two contractile elements in the muscle. One of the ele- 
ments on this supposition was found to be very sensitive to potassium 
chloride; the other just the reverse, so that it reached a maximum 
contraction only in twenty-four hours. Calcium chloride as a1 per 
cent solution, on the other hand, was found to diminish the contrac. 
tions of the first contractile element, and its action on the second was 
much more rapid than that of potassium, producing a maximum con- 
traction in one and one-half hours. If sodium occupies a position 
between potassium and calcium in its ability to produce its effect 
upon the two contractile elements, then the salts in the order of their 
efficiency upon the first element would stand potassium, sodium, cal- 
cium. In their efficiency of producing an effect upon the second ele- 
ment they would stand in the reverse order, — calcium, sodium, 
potassium. If the twitches of the sartorius are due to the action of 
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the sodium salt on the first contractile element, then the addition of 
calcium would prevent them, since calcium inhibits the activity of this 
element. After the preliminary potassium-contraction potassium in 
hibits the activity of muscle tissue so that the addition of this salt 
would also prevent the twitches. Weakened contractions resulting 
from periodical electrical stimulation in saline and involving both con 
tractile elements might be augmented by the addition of calcium, 
but since one element is inhibited and the other favored, variations in 
the extent of the recovery might be expected, and this in fact may be 
noticed. In some cases the recovery may be considerable, as in Fig 
2, while in other cases the effect produced is hardly more than a re 
tardation of the decrease in height of the individual contractions. 

To the two hypothetical contractile elements of the sartorius can 
be added a third, present in the ventricular muscle of the terrapin 
heart, which manifests a still greater sluggishness tothe action of po 
tassium chloride, responds with more vigorous contractions to immer 
sion into sodium chloride, and is by far more affected by calcium 
chloride. In such a scheme the second contractile element of striated 
muscle is more nearly similar in its reactions to cardiac muscle than 
is the first, but the differences and similarities between the three are 
not absolute, but rather a matter of degree. Dr. Howell has called 
the author's attention to the difference between the behavior of terra 
pin’s striated muscle and cardiac muscle when subjected to chloro 
form vapor of a certain degree of density. The striated muscle will 
contract vigorously, but the heart muscle relaxes with almost equal 
rapidity. Nevertheless, if the chloroform is made to act with greater 
rapidity and density, both kinds of tissue shorten. 

With regard to the action of the ions of potassium, sodium, and 
calcium, the idea of the differences between skeletal and cardiac tissue 
being one of degree can be maintained on the assumption that the 
first and second contractile elements of the sartorius and the contract 
ile element of the heart form a series of different sensitiveness to the 
ions in question. Thus the first contractile element of the sartorius 
is readily affected by the potassium ions, the second contractile ele- 
ment less so, and that of heart tissue not at all unless subjected to 
special treatment such as previous immersion into cane-sugar. Again, 
under the influence of sodium chloride the first contractile element 
responds by twitching, the second element possibly gives rise to 
larger and Jess numerous contractions, and heart tissue responds with 
well-developed co-ordinated contractions. That the second contract 
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ile element of the sartorius may respond to immersion into sodium 
chloride is suggested not only by experimental results, but by the 
statements of Biedermann and Loeb,! who have described an alterna- 
tion of minute twitches and larger contractions when striated muscle 
is placed in sodium solutions. Zenneck? has described the behavior 
of the curarized sartorius in ,/; sodium bromide solutions as consist- 
ing of twitches grouped together so as to appear like blood-pressure 
curves showing respiratory waves. Lastly, the first contractile ele- 
ment of the sartorius is not at all or very little stimulated by calcium ; 
the second contractile element more so, and heart tissue most of all. 

It is impossible to state to what the differences in the reactions of 
the three contractile substances towards the chlorides of potassium, 
sodium, and calcium are due. But it is suggested by the experiments 
with pure solutions that the ion content of the muscle is of great im- 
portance. The power of potassium to produce a shortening is impos- 
sible when only potassium and sodium are present in the muscle. A 
physiological percentage of calcium favors the potassium contraction, 
but when the amount is greatly increased it markedly retards the 
same reaction. Calcium when applied to a tissue in which the ions 
are present in physiological amounts leads generally to a shortening, 
but when applied at the height of a potassium contraction leads to 
rapid relaxation. Considerations of this kind are also of service in 
forming a conception of the reasons underlying the less constant 
variations which muscle exhibits. 

As early as 1887 Ringer® and Ringer and Buxton? undertook a 
comparison of the effects of sodium, calcium, and potassium solu- 
tions upon skeletal and cardiac muscle. They did indeed find both 


differences and similarities, but certain conclusions in the two papers 


seem radically opposed. These are attributed to differences in the 
method of application of the solutions, — immersion in one case and 
perfusion in the other. Thus upon immersion and periodical stimula- 
tion of the sartorius Ringer found that skeletal muscle differed from 
cardiac muscle in the following particulars: ‘ Contractility is not 
improved or restored by adding lime salts to saline.” ‘ The contrac- 
tions in saline of a muscle previously weakened by frequent contrac- 


‘ Loes: Ueber lIonen welche rhythmische Zuckungen der Skelettmuskeln 
bevorrufen, Festschrift fir A. Fick, Braunschweig, 1899. 

> ZENNECK: Archiv fiir die gesammte Physiologie, 159 )y Ixxvi, p- 21. 

> RINGER: Journal of physiology, 1887, viii, p. 20. 


' RINGER and Buxtren: Journal of physiology, 1887, viii, p. 288 
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tions are strengthened by adding to saline a potash salt.’ In the | 
paper by Ringer and Buxton the experiments were performed by pe! 
fusing the gastrocnemius with a 0.6 per cent saline solution and stim 
ulating periodically. It was found that excitability had about ceased 
in an hour and three-quarters. ‘ Upon replacing saline by phosphate 
of calcium saline a return of contractility took place.” ‘“ We then 
returned to saline, and again contractility disappeared, to be restored 
by returning to the phosphate of calcium saline; and this manceuvre 
was effected several times, always with the same results.” 
experiments underlying this paper in which the frog’s savtorius was 
simply immersed in the solutions and stimulated periodically, potas 
sium was never observed to favor contraction, — its effects being 
rather the reverse. Calcium, however, after sodium chloride exhaus 
tion almost invariably increased the height of the contractions to 
some extent, although as stated by Ringer the extent to which recov 
ery occurs varies greatly in different experiments. The experiments 
in Ringer’s earlier paper were performed during the months of May 
and June, when frog preparations are liable to manifest abnormalities 
of behavior. 

As far as direct experimental evidence goes it would seem that the 
sartorius ts characterized by responding with a rapid contraction when 
submitted to a 1 per cent solution of potassium chloride, —a result 
which does not occur in heart tissue when in a fresh condition, — and 
that this forms a point of difference between the two tissues. Anothe1 
difference is the reaction to physiological amounts of calcium chloride 
after treatment with 0.7 per cent saline. Calcium under these con 
ditions inhibits the activity of the sartorius while it augments the 
activity of heart tissue. But these dissimilarities cannot be looked 
upon as the expression of sharply marked differences of structure of 
the two tissues, since treatment with cane-sugar makes ventricular 
tissue responsive to potassium, and periodic stimulation of the sat 
torius while in saline changes the inhibitory effect of calcium to an 
augmentor effect. The latter phenomenon finds an explanation in 
much better accordance with other known facts by the assumption 
of two contractile elements in the sartorius, which are differently 
affected by calcium. On this basis the fibrillary twitches of the sar 
torius and the rhythmical beats of heart tissue would not | 
analogous, since they are, to a large extent at least, the 


tions of contractile substances with different properties 


A. Guenther. 


CONCLUSIONS. 


1. That a supply of the ions sodium, calcium, and potassium in 
definite proportions is necessary to the best maintenance of the nor- 
mal activity of skeletal muscle of the frog and heart muscle of the 
terrapin. 

2. That in physiological proportions sodium and potassium pro- 
duce a condition of relaxation, while calcium produces a condition 
tending toward contraction, provided all three ions are present in the 
medium which bathes the muscle. This is true for both heart and 
skeletal muscle. 

3. -That the effects of the three ions as stated in 2 are not neces- 
sarily the same when the ions are supplied separately to fresh tissue. 
In isotonic solutions sodium produces a relaxation in both heart and 
skeletal muscle. Calcium produces a slow contraction in both. Po- 
tassium produces two contractions and relaxations in the sartorius, 
but only relaxation in a fresh strip of the terrapin’s ventricle. 

4. That the condition of the tissue influences the effect produced 
by any one ion. Thus previous treatment with sodium chloride, cal- 
cium chloride, potassium chloride, or cane-sugar solutions alters the 
condition of the tissue so that its reactions are modified. 

5. That the effect of any one ion may be modified by the simulta- 
neous application of other ions. 

6. That the rapid contraction in skeletal muscle produced bya I 
per cent potassium solution and the slow contraction resulting from 
immersion into a calcium solution are restricted to the portions 
immersed. 

7. That the sodium twitches in skeletal muscle and the rhythmical 
contractions in heart muscle are at first limited to the immersed 


parts, but soon spread to those portions not in the solution. 
8. That the contraction and relaxation produced by a potassium 
solution when applied to the sartorius will not occur unless both so- 


dium and calcium are present in the tissue. 

g. That the power of potassium chloride to produce a contraction 
is antagonized by the presence of either sodium or calcium in the 
bathing medium, but the antagonism of calcium is the more marked. 

10. That the effects produced by an alternation of potassium and 
sodium, on the one hand, and of potassium and calcium, on the other, 
lend support to the view that the calcium ion is more intimately as- 
sociated with the contraction process than is the sodium ion. 
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11. The assumption is made that there are two contractile sub 
stances in the sartorius muscle and a third in the terrapin’s ventricle. 
No suggestion is made as to the relation of these substances to defi 
nite histological elements, as in the views proposed by Grutzner and 


by Bottazzi. Evidence, however, is offered that the contractile sub 
stance of the heart in its properties bears a closer resemblance to the 
second than to the first contractile substance of skeletal muscle 
These substances differ in their sensitiveness to the action of sodium, 
potassium, and calcium chloride. The first contractile substance of 
the sartorius responds quickly with a contraction when subjected toa 
I per cent solution of potassium chloride; the second contractile 
element responds much more sluggishly, and ventricular muscle whe: 
in a fresh state gives only relaxation. Calcium chloride in a 1 
per cent solution produces no contraction of the first contractile ele 
ment of the sartorius, gives rise to a slow contraction of the second 
contractile element, and produces quite a vigorous contraction of heart 
muscle. Immersion into a 0.7 per cent solution of sodium chloride is 
followed by fibrillary twitches of the first contractile element of the sar- 
torius; by larger but infrequent contractions of the second contractile 
element, and by well-developed rhythmical beats in heart strips. 

The following diagrams may serve to illustrate these differences 
No significance can be attached to the exact form of the curves, but 
the time relations in a general way are reproduced. 
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This assumption offers an explanation of the different effects of 
small amounts of calcium upon the fibrillary twitches of the sartorius 
on the one hand, and upon the contractions of the muscle when peri- 
odically stimulated, on the other hand. Calcium stops the twitches 
because it inhibits the activity of the first contractile element which 
produces the twitches. The contractions of the sartorius when stim- 


ulated electrically involve the second contractile substance as well as 
the first, and calcium in suitable amounts favors the activity of this 
element. Upon this assumption, furthermore, the fibrillary twitches 
of the sartorius in sodium chloride are not strictly analogous to the 
beats of heart tissue in sodium chloride, since they involve the activity 


of different substances. 


THE EFFECT OF CERTAIN SALTS AND DEXTROSE 
ON THE RATE OF TRANSFORMATION OF 
GLYCOGEN INTO DEXTROSE. 


By C. HUGH NEILSON anp OLIVER P. TERRY. 


[From the Medical Department of the St. Louis University.| 


 Pygreeeny BERNARD! showed that the excess dextrose of the 

blood is stored in the muscles and liver in the form of glycogen, 
and that after death the glycogen rapidly disappears from the liver 
substance. He assumed that during life the glycogen is easily trans- 
formed into dextrose, in quantities sufficient for the needs of the 
animal. 

Chemistry shows that equilibrium plays an important part in all 
chemical actions and enzymatic action, Therefore it is probable 
that equilibrium is an important factor in the storing up of glycogen, 
and also in the reverse process, the forming of dextrose from the 
stored glycogen. That is, when the dextrose reaches a percentage 
higher than that found normally in the blood, it is stored as gly- 
cogen, and when it becomes lower in amount than that found nor- 
mally in the blood, the glycogen is broken down into dextrose. It is 
probable that one and the same enzyme is responsible for this double 
action. 

It has been shown by many observers that neutral salts may either 
stimulate or retard enzyme action. That is, stimulation occurs when 
the anion is more powerful, and retardation when the kation is more 
powerful. 

The object of this paper is to determine, first, whether increasing 
the dextrose retards the decomposition of the glycogen in the liver ; 
second, whether calcium chloride, which has a retarding action, and 
sodium citrate, which has an accelerating action, on enzymes in 


general, have the same effect on the enzyme which transforms gly- 


cogen into dextrose. 


1 CLAUDE BERNARD: Comptes rendus, 1877, Ixxxv, p. §79. 
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Very little work has been done to show the effect of substances on 
the rate of transformation of the glycogen into sugar. But Cavazzani' 
found that a dog poisoned with quinine had less sugar in the liver 
than those not poisoned ; evidently the quinine retarded the decom- 
position of the glycogen. 

Frankel? found that trichlor acetic acid hindered the formation of 
sugar from the glycogen in the liver. 

Demant® showed that phenol hinders the decomposition of glycogen 
in the liver and muscles, after death. 


METHODS. 


The livers of dogs and rabbits were used in these experiments. 
The glycogen was isolated according to Pfluger’s* method. One 
hundred grams of liver substance were thoroughly ground and mixed, 
one hundred cubic centimetres of boiling 60 per cent potassium 
hydrate added, and then this mixture placed on a water bath for two 
or three hours. This was then cooled, and mixed with two hundred 
cubic centimetres of water and four hundred cubic centimetres of 96 
per cent alcohol. After standing, this was filtered, and the precipi- 
tate washed once with one volume of 15 per cent potassium hydrate 
plus two volumes of 66 per cent alcohol, and once with 66 per cent 
alcohol. The precipitate was dissolved in hot water and neutralized 
with hydrochloric acid. This was again filtered, resulting in a clear, 
opalescent filtrate. The glycogen was inverted by adding hydro- 
chloric acid up to two and two-tenths per cent of its volume, and then 
it was placed on a water bath for two or three hours. The resulting 
sugar was then determined by the polarimeter and by quantitative 
reduction methods. In determining the amount of dextrose present 
in the resulting mixture, we used Haines’ quantitative method for the 
determination of sugar, checking these results by the polarimeter. 
The Haines’ method was used in preference to Fehling’s method, it 
being just as accurate but more easy of manipulation. 

Haines’ quantitative solution consists of the following : 


Dissolve 8.314 grams of pure copper sulphate in 400 c.c. of distilled water. 
Add 40 c.c. of pure glycerin. Then add 500 c.c. of a 5 per cent solu- 


' CAVAZZANI: Archives italiennes de biologie, 1899, xxxii, p. 350. 

2 FRANKEL: Zeitschrift fiir physiologische Chemie, 1892, lii, p. 125. 
* DEMANT: Zeitschrift fiir physiologische Chemie, 1879, iii, p. 200. 

* PFLUGER: Archiv ftir die gesammte Physiologie, 1902, xciii, p. 163. 
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tion of potassium hydrate. Mix thoroughly and make up to one litr 
distilled water. 


10 c.c. of this solution are reduced and decolorized by 


In carrying out the determination of the dextrose, the 


follows 


10 c.c. of Haines’ solution were placed in a 250 c.c. Erlenmeyer 
with 30 c.c. of strong ammonia, — (this was added to produ 
phere of ammonia, and thus the oxidation of the cuprous oxide 
This mixture was brought to gentle boiling and the saccharine 
in slowly from a burette until the blue color just disappeared. The 1 


sults are uniformly constant when due care is taken in the manipulation. 


When, by the preliminary titration, the saccharine solution was 
found to be strongly saccharine, several dilutions were made, as the 
end point is not so sharp in dilute solutions as with the concentrated 
solutions. This method, in our hands, gave equally as good results as 
the Fehling method. These results were checked by the polarimeter. 

The results obtained are shown in the following experiments : 


A. EXPERIMENTS WITH GROUND LIVER. 


Experiment 1.— To show the effect of adding dextrose, sodium citrat 
calcium chloride, on the rate of transformation of glycogen into dextrose, 
determining the amount of glycogen in terms of dextrose. 

A dog was killed by bleeding and the liver taken out at once. The 
lobes were cut off, leaving as a residue, the large blood-vessels, gall 
bladder, and supporting tissue. ‘The liver substance was then ground in 
a meat chopper and thoroughly mixed. Five lots of this pulp, of fifty 
grams each, were then treated as follows : 

(a) To the first lot, 50 c.c. distilled water were added and the mixture 
boiled. ‘This was to serve as a control for the amount of glycogen then 
present. 

(6) To the second, 50 c.c. distilled water were added. This was to 
show the normal rate of transformation of the glycogen into dextrose. 

(c) To the third, 50 c.c. of 7% sodium citrate in % sodium chloride 
were added. ‘This was to show the action of the sodium citrate. 

(2) To the fourth, 50 c.c. f’ sodium citrate in % sodium chloride, 
plus one gram of dextrose, were added. ‘This was to show the effect of 
increasing the dextrose on the rate of transformation. 


(e) ‘To the fifth, 50 c.c. of 7% calcium chloride in % sodium chloride 


were added. This was to show the effect of the calcium chloride 


gram of dextrose. 
I 
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These mixtures were then placed in an incubator registering 39.5° C. 
and left for four hours. At the end of this period the glycogen in each 
was determined according to the method described above. After invert- 
ing, the dextrose, which is a measure of the glycogen found, was 
determined by the Haines quantitative method, and checked by the 
polarimeter. 

(a) gaveo.51 gram of dextrose. 
(6) 0.264 
(c) 0.193 
(¢) 0.454 
(e) 0.316 


Experiment 2.— Two rabbits were killed by bleeding. The livers were ground, 
mixed, and treated as in experiment 1. Five lots of fifty grams each of 
liver pulp were also used in this experiment. 

(a) gave o.589 gram of dextrose. 
(6) 0.266 * 

(¢ ) 0.179 

0.415 

(¢) “ 0.368 


3y consulting experiments (1) and (2), it is seen: that calcium chloride 
has a retarding action on the decomposition of the glycogen into dextrose ; 
that sodium citrate has a stimulating action on the rate of transformation ; 
and that increasing the amount of dextrose also retards the rate of trans 
formation. This latter fact well illustrates that in chemical and enzymatic 
reactions the heaping up of the products of the decomposition retards the 


rate of the decomposition. 


B. PERFUSION EXPERIMENTS. 


Experiment 3. This experiment is to show the effect on the rate of transfor- 
mation of glycogen into dextrose, by perfusing calcium chloride through 
the liver (% sodium chloride was used as a control, instead of distilled 


water). 


In these experiments, instead of grinding the liver and adding the solu- 
tions to this pulp, the liver was perfused with the solutions to be tested. 
Canulz were inserted into the branches of the portal vein, through which 
the solutions were passed. The outlet was through a canula inserted in 
the vena cava inferior. 

The animal was killed by bleeding, and with the liver zz sztu, the 
canulz were inserted into the vessels. The vessels of one lobe were liga- 


tured, the lobe cut off, ground, some distilled water added, and boiled 
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at once. This was used to determine the amount of glycogen in 
liver at the commencement of perfusion. ‘Through one branch of 


portal vein was run ” sodium chloride ; and through a second branch 


6 


was run fe calcium chloride in ”% sodium chloride. The liver with the 

connecting canulz was placed in a large dish containing sodium chlo- 

ride and kept at a temperature of 40 C. ‘The solutions were ke] 

C. and run in under moderate pressure. ‘They were run in at 

vals, the time of perfusion being two hours and the amount 

1ooo c.c. At the end of the perfusion, the liver was ground and the 

excess fluid decanted off. The glycogen was isolated and the sugar in 

verted and determined according to the methods heretofore described. 
Objection might be made to perfusing two solutions through different 

lobes at the same time, as the perfusion might be more rapid and the cel 

brought into more intimate contact with the solutions, in one lobe than 

in the other. However, as the results were constant in every experiment, 

and as the solutions perfused with equal ease in each lobe, this objection 


is unwarranted. 


The results obtained in this experiment are as follows : 

100 grams of the boiled liver gave 0.68 gram of dextrose. 

roo grams perfused with /’%, calcium chloride in % sodium chloride gave 
0.455 gram of dextrose. 

roo grams perfused with ”” sodium chloride gave 0.301 gram of dextrose 

This experiment shows that the amount of glycogen not transformed 
into dextrose is much greater in the mixture of calcium chloride and 
sodium chloride than in the sodium chloride alone. ‘That is, the calcium 


chloride inhibited the rate of transformation. 


Experiment 4. This experiment is to determine the effect of sodium citrate 
and of dextrose on the rate of transformation of glycogen into dextrose. 
The method was the same as that used in experiment 3, except that in 
this case three canulz were inserted into branches of the rtal vein. 
The vessels of one small lobe were lig itured, the lobe cu f, ground, 
and _ boiled. 
Into the liver by one canula, 800 c.c. of ’? sodium chl 
were run. Into a second canula, 800 c.c.  sodit itrate in "% 
sodium chloride, were run. Into a third canula, Soo c.c. i sodium 
citrate in % sodium chloride plus sixteen grams of dextrose, were run 
These solutions were run in at short intervals, the 8o0o c.c. 
different solutions being passed through the liver in two hours 
individual lobes were cut off, ground, and, together with the control, 
treated as mentioned in the previous experiments. 


50 grams of the boiled liver gave 0.57 gram of dextrose. 
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50 grams of the liver perfused with 7 sodium chloride gave 0.265 


gram of dextrose. 
50 grams of the liver perfused with sodium chloride plus sodium citrate 


gave 0.163 gram of dextrose. 

50 grams of the liver perfused with { sodium citrate in sodium chlo- 
ride plus 16 grams of dextrose gave 0.325 gram of dextrose. 

In this experiment the boiled liver gave the amount of glycogen at the 
beginning of perfusion. The % sodium chloride was used as a control 
from which to determine the effect of the dextrose and the citrate. 

From this experiment it is seen: that sodium citrate has a stimulating 
action ; that increasing the dextrose decreases the rate of transformation 
of the glycogen into dextrose. 

‘This experiment was also carried out by using blood diluted once with 
” sodium chloride, instead of using pure sodium chloride as the standard. 


The results confirm those in which the sodium chloride was used. 


These results were also checked by the polarimeter. 


Experiment 5. A few experiments were done to determine the effect on the 
rate of transformation of adding extract of pancreas and extract of muscle 
to the solutions used. These results showed: that pancreas extract 
added to sodium citrate yields more dextrose than when sodium citrate 


alone is used; that muscle extract has no such effect. 


More experiments are being done to determine this more accurately ; 
they will soon be reported. 


CONCLUSIONS. 


It is seen by these experiments that by increasing the dextrose, 
which is a product of the decomposition of glycogen, the rate of this 
decomposition is retarded. This agrees with the facts that the prod- 
ucts of a chemical reaction retard that action, and that when the 
blood is rich in sugar, there is a decreased transformation of the 
glycogen into dextrose. 

It is also seen that calcium chloride has a retarding action, and 
sodium citrate an accelerating action, on the breaking up of glycogen. 
This agrees with the fact that such salts as sodium citrate, acetate, 
etc. are used as therapeutic agents to increase elimination, probably 
by stimulating the cell substance and its enzymes, possibly by 
making the cell membranes more permeable. 

It also agrees with the fact that calcium chloride has a retarding 
action in elimination, especially in salivary secretion and inhibiting 
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the secretion of sugar in phloridzin diabetes, as was shown by O. H. 


Brown and Martin H. Fisher, working independently. This latter 
fact may possibly be explained by the calcium chloride lessening the 
permeability of the kidney membranes; but possibly by retarding or 
inhibiting the transformation of the liver glycogen and the muscle 
glycogen into dextrose. 


Further work is being done by us to determine this latter point. 


THE NATURE OF THE PROPAGATION OF NERVE 
IMPULSE. 


By WILLIAM SUTHERLAND. 


HE electrical properties of nerve have received so much atten- 

_tion that it is necessary to preface the following seemingly 
purely mechanical theory of the propagation of nerve excitation with 
a few words of explanation. I have recently, in the “ Philosophical 
Magazine,” shown that cohesion and rigidity are essentially electrical 
properties of matter; so that in the tracing of the “ conductivity ” of 
nerve to the rigidity of its substance, as I propose to do, the electric 
properties of nerve are not ignored, but their principal effect is con- 
ceived in the simpler and more direct terms of mechanics instead of 
the ultimate electrical ones. A complete electrical theory of elas- 
ticity will have to account for the piezoelectricity of quartz, as well 
as for the electrical properties of nerve. 

Two lines of thought lead to a conception of the possible impor- 
tance of rigidity in the phenomena of nerve and muscle. In the first 
place it is known that a jelly offers but little more resistance to the 
passage of a small ion than does pure water at the same temper- 
ature, despite the enormous difference in the large scale viscosities of 
the two media. This proves that in a jelly the molecules of the gela- 
tine form a mesh dividing the jelly into compartments with net-work 
walls which confine the molecules of water in batches. The cellular 
structure gives to the jelly its rigidity, yet the meshes are so open that 
an ion urged forward by electric force has little difficulty in passing 
from one compartment to another, and encounters most of the resist- 
ance to its motion in passing through the batches of water molecules. 
Thus the jelly has rigidity on the molar scale, and fluidity on the 
molecular. Now the rigidity of the jelly is the outcome of the elastic 
properties of the fibres forming the meshes. Just as an ion moves 
through the jelly almost independently of the presence of the net- 
work, there ought to be phenomena of the jelly confined to the net- 
work as regards cause and effect. How would it be possible to 
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propagate disturbance through a jelly without appreciably affecting 
its contained water, as a diver signals by his rope to the man in 
charge of the air pump? It seemed to me that muscular contraction 
and nerve conductivity might be physiological answers to this query. 

The second line of thought was this, that the slowness of the 
propagation of nerve impulse is such as would probably connect it 
with the small rigidity of the soft tissues in the animal body. Con 
sidering the enormous advantage to an animal of possessing a high 
speed of nervous signalling, one is impressed by the extraordinary 
smallness of the actual speed. The follow- 
ing list of velocities brings out this point. In 
centimetres per second: light, 3 x 10'’; sound 
in water, 1.4 X 10°; sound in air, 3.3 x 10; 
nerve excitation, 3 <x 10° (Helmholtz). 

In spite of its definite electrical properties, 
nerve does not transmit excitation’ by direct 
electromagnetic vibrations along its sub- 4 
stance, like light or electromagnetic waves 
propagated along a wire. Again, sound is transmitted through the 
soft parts of the body (treated as water) fifty times as fast as the nerve 
impulse. 

The next step in this line of inquiry is to estimate the speed of 
propagation of shearing strain through soft tissues, due to their 
rigidity physically defined in the following way. Let AZCD be the 
section of a unit cube which has the face represented by C/) fixed, 
while a tractive force 7 is applied to the unit face represented by 4/7, 
displacing AB to the position A’. Suppose the distance AA’ to be 
small, and the angle A DA’ denoted by @; then Hooke’s law for the case 
of rigidity gives the relation 7 = 70, in which ~ is the rigidity of the 
substance, By the physical theory of elasticity, the velocity with 
which a shear like the strain just considered is propagated through 
the substance is given by the formula 


where p is the density. 

I do not know of any direct determinations that have been made of 
n for the tissues of the animal body; but Young’s modulus for such 
tissues was measured by the physicist Wertheim in 1847 (Annales 
de Chimie et de Physique, xxi) in the case of human bone, tendon, 
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muscle, artery, and vein. Young’s modulus depends on both the 
rigidity and the bulk modulus (reciprocal of the compressibility): 
For a substance which is elastically homogeneous and isotropic, the 
Young’s modulus g is connected with rigidity and bulk modulus & by 
the relation 


(2) 


Now muscle and nerve and artery are not isotropic, their structure 
is different longitudinally from laterally ; but as they are mostly water, 
& has a large value compared to that of either g or z in any direction. 
So in equation (2), we may put 1/9# = 0, and so get g = 3 for the 
soft tissues. Hence for these we can find an average rigidity by 
taking one-third the value of Young’s modulus, and we can calculate 
the desired velocity |” by means of (1) with Wertheim’s values of g 
and p. Until recently, Wertheim’s values were summarized in text- 
books of physiology. In the ‘“ General Physiology ” of M’Kendrick 
(1888), they are given with a change of unit in which they have been 
made ten times too large. Some of them are given ina ‘“‘ Text-book of 
Human Physiology ” by Landois and Stirling (1885), along with values 
by Wundt, though it is not made clear which are Wertheim’s and 
which Wundt’s. Accordingly, the following information about Wer- 
theim’s determinations is taken from his original paper. His measure- 
ments on the tissues were made three or four days after death. To 
find whether this interval of time made much difference, he compared 
the results obtained from the tissues of a Newfoundland dog imme- 
diately after death, and five days after, finding good enough agree- 
ment in the results. For muscle, he found g in kilograms weight per 
square millimetre to range from 1.271 for a child one year old to 0.261 
for a man of seventy-four. The mean of four such samples is 0.68. 
To convert this number to C. G. S. units, that is, to dynes per cm.”, we 
multiply by 980 x 10° and get for average human muscle g = 67 x 


10° dynes per cm.”._ Its average density is 1.06, and hence 


4700 cm. per sec. 


For passive muscle, Wundt (Landois and Stirling) gives g = 0.27 
kgm. per mm.*, whence /” = 2900 cm. per sec. 

For g in the case of nerves, Wertheim finds for four human sciatic 
nerves, the values 10, 24, 14, and 14, the mean being 15.5, which in 
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= 
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C.G.S. units becomes 1520 x 10°. The average p is 1.035, whence 
V = 22000 cm. per sec. According to a value which seems to be 
Wundt’s (Landois and Stirling) for nerve g= 1.09 kgm. per mm.-, 
which is 107 x 10° C.G.S. Thus the velocity Il’, with this datum, 
becomes 5900 cm. per sec. 

For actually measured velocities of the nerve impulse, we have 
Helmholtz’s classical determination of 3000 cm. per sec. in the 
human arm. Waller makes this from 5000 to 6000, quoting Alcock’s 
value 6600 as perhaps better (Nature, Dec. 17, 1903). Gotch, in 
Schafer’s “Text book of physiology” gives 2700. Bernstein gives 3000 
for the rate of propagation of the electric negative variation in nerve 
Charpentier finds this rate 2600 in the case of the frog (Comptes 
rendus, 1901, 132). The highest of these velocities, namely, 6600 
lies between the two values calculated above for nerve, namely, 
5900 from Wundt’s datum, and 22000 from Wertheim’s. It has been 
proved then that the velocity of the nerve impulse is of the same 
order of magnitude as the velocity of propagation of a shearing 
stress along a dead nerve. In addition to the observed nerve 
velocities given above, ranging from 6600 downwards, there are 
velocities as low as 800 measured in electrical fish, 400 in octopus, 
1 in anodon, and o.1 in eledon (Schafer’s Text book). It is generally 
accepted that reduction of temperature lowers the nerve velocity 
considerably, that of a frog falling from about 2700 at 15° C. to 100 
ato. But Weiss, by cooling nerve and muscle separately, claims to 
have shown (Comptes rendus, 1900, 130), without giving details, 
that the effeet of cooling the nerve alone from 20’ too is to produce 
quite a small variation in the nerve velocity, a reduction of not more 
than 9 per cent. He ascribes Helmholtz’s result to a change in the 
latent period of muscle, caused by the change of temperature. In 
general, rigidity increases with falling temperature ; but the viscosity 
of water, which must be the chief retarding factor in propagation 
of elastic waves in nerve and muscle, increases rapidly with falling 
temperature. But the viscosity of water being 0.01778 dynes per cm.* 
at O, and 0.010015 at 20, it is evident that the present theory could 
not account for the usually accepted great reduction of nerve velocity 
according to Helmholtz (from 3000 to 100 at these temperatures ). 
But on the present theory we should expect the change to be of the 
order of magnitude found by Weiss. 

Before finishing this quantitative discussion, it may be as well to 


examine the results for muscle a little more closely. We found 
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velocities 4700 and 2900 for the propagation of shearing stress in 
muscle, but the transmission of a muscular contraction takes place 
rather as the contraction or elongation used in measuring Young's 
modulus. Hence for a calculated muscle velocity we should multiply 
these numbers by V3, obtaining 8100 and 5000. The observed rates 
of transmission of contraction in muscle given in Foster's text-book 
are 300 to 400 for the frog, 500 in the excised muscle of warm- 
blooded animals, and 1000 in their muscles in the living body. Here 
the highest observed velocity is only one-fifth or one-eighth of our 
calculated amount. The reason for this discrepancy is perhaps to 
be found in time lost during the transmission of the active living 
pulse from one cell to the next in muscle. The large variation of the 
latent period of muscle with temperature announced by Weiss would 
prepare us to expect a phenomenon of the same nature within the 
muscle itself. But in any case the fact that the calculated and 
observed velocities are about of the same order of magnitude is the 
main one at present, and indicates that probably the chief mechanism 
by which a muscular contraction is propagated is the same as that 
which gives to dead muscle its elasticity. 

As it seemed desirable to add to the above numerical data some 
direct determinations of the rigidity of artificial preparations similar 
to the soft tissues, I measured the rigidity of gelatine jelly and coag- 
ulated white of egg according to the method described in the experi- 
mental introduction to “ A Kinetic Theory of Solids” (Philosophical 
Magazine [5], xxxii), verifying the applicability of the formule by 
varying the length of the specimen within wide limits, and also the 
moment of inertia of the vibrating mass. For jelly made of 1 part 
gelatine to 4.2 parts of water, the rigidity at 18° was found to be 
2 x 10° dynes per cm.*. Quincke found the elasticity (probably 
Young’s modulus) of glass to be 2 x 10° times that of a 10 per cent 
jelly, which would correspond to a rigidity of about 1 x 10° dynes 
per cm.” for the jelly, with which my determination is in reasonable 
agreement. For hard-boiled white of egg, the rigidity ranged between 


9 x 10° for a firm continuous sample to 1 x 10°, for one having 


a granular appearance. Hence the velocity of propagation of a shear 


in 20 per cent jelly is of the order 400 cm. per second, and in a 
good sample of coagulated albumen it is of the order 3000. These 
determinations bear out the contention that the velocity of physiologi- 
cal impulses in soft tissues is of the same order of magnitude as that 
of physical shears in such tissues. 
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The next business is to inquire whether any of the phenomena of 
transmission of the nerve impulse are inconsistent with their being 
manifestations of elasticity. First: if a nerve is excited at any point 
in its length, the disturbance is propagated in both directions from 
the point. This property is also characteristic of an elastic distur- 
bance. Since nerves have special afferent and efferent functions, it 
is a noteworthy fact that any nerve transmits both afferently and 
efferently, as it needs must according to the elasticity theory. Sec- 


ond: the blood supply of nerves is so small, and a nerve can conduct 
impulses for so long without fatigue, that the consumption of energy 


in a nerve conducting excitation must be decidedly small In the 
propagation of vibrations through a rigid body devoid of viscosity, 
the consumption of energy is nil. Viscosity causes a degradation of 
the energy of vibration into heat, so that, if a vibration is to be kept 
up to its original strength, energy would have to be supplied along 
its course. Possibly in nerve theresis a mechanism for making good 
any small loss of the energy of excitation which may take place along 
the nerve. The elasticity theory then fits the fact as to the immu- 
nity of motor nerves from fatigue. Third: as already pointed out, 
the elasticity theory cannot account for temperature effects of the 
order found by Helmholtz, and hitherto accepted by physiologists; but 
leads us to expect effects of the order determined by Weiss. Further 
experiment must decide this rather important point. Fourth: recent 
experiments have demonstrated that some nerve and brain excitations 
are of an oscillatory nature (Richet and Broca, Comptes rendus, 1897, 
124; Charpentier, Comptes rendus, 128, 129, 132, see also his work on 
the retina). The present theory requires that nervous excitation must 
be of an oscillatory nature. The frequencies of vibration so far measured 
for nerves, namely, from 10 to 3000 per second, are much smaller than 
those to be expected from ordinary electrical vibrations in the nerves. 
On the elasticity theory, the frequency, being equal to the velocity of 
propagation divided by the wave length, which is double the length 
that is thrown into stationary vibration, must depend in the case of 
nerve on the length which is thrown into stationary nervous vibra- 
tion. Now at present we do not know whether the periods measured 
by Charpentier for motor nerves are determined by the external 
conditions established in his experiments, or by internal conditions 
characteristic of the nerves studied. I do not know of any structural 
dimension in nerves that would account for the wave length of 3.5 cm., 


most frequently encountered by Charpentier in motor nerves of the 
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frog. On the elasticity theory a predominant wave length would 
imply some distance of special importance in the building up of a 
nerve. 

Though it is outside of the present thesis to discuss the physical 
nature of nerve excitation, the following suggestion is brought for- 
ward to make quite clear the distinction between the propagation 
of a mechanical wave in a dead nerve and a physiological one in a 
living nerve. Though it has just been proposed that excitation is 
propagated by means of a propagated shear, it is not contemplated 
to regard the shear as the excitation. I would suggest that the 
excitation is a molecular motion which can be communicated by a 
shear. A physical model could easily be made to represent the two 
separate properties of excitability and 
conductivity. Take a gyrostat (fly- 
wheel) rotating round an axis AA, and 


Cc 

| a let the bearings of A and B be attached 

to wires AC and LD, AE and FF, going 

y, to the bearings of other gyrostats. If 

the gyrostat is in rotation, AP will 

“2 tend to preserve its direction unal- 

tered. Suppose a blow given to A 

and to &. This will cause the axis AF to oscillate gyrostatically 
about its original position. The blow represents a_ physiological 
stimulus; the gyrostatic vibration of AB represents the excitation; 
and the propagation of motion along the wires dC and 4D by elas- 
ticity represents the conduction of the nerve impulse along a nerve. 
The rotation of the gyrostat represents the living state of the nerve. 
If the rotation is stopped, the model represents dead nerve; a blow 


does not now cause gyrostatic vibrations, but only such as are called 


forth by the elasticity of the wires. In the same way dead nerve is 
not excited, but shows mechanical propagation of disturbance travel- 
ling with the same order of velocity as is characteristic of the living 
nerve. The physical mechanism of propagation is the same in both 
states of the model, just as has been here contended to be the case 
in the living and dead states of nerve. 

As to the particular way in which the shearing strain which propa- 
gates a nerve impulse is produced, I think it may be most simply 
conceived as a torsion in each thread of dry nerve forming the net- 
work running through a living nerve like the gelatine framework 
through a jelly. In measuring the rigidity of a dead nerve we meas- 
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ure the rigidity of the whole structure built up of framework and 
included water. In the preceding argument it has been assumed 
that the rigidity of the whole dead nerve gives a measure of the 
average effective rigidity of a thread of the network. On this ac- 
count we must in the first instance look for agreement between 
our calculated mechanical velocities and the observed physiological 
velocities only as regards order of magnitude. If the theory is found 
to be of use to physiologists, it would be interesting to work out 
mathematically some definite relation between the rigidity of a jelly 
and the properties of its network. 

Since an elastic strain in a body involves electric displacements of 
the electrons associated with its molecules, it is well to remember 
that the fundamental distinction between an ordinary electric dis 
placement, such as is produced by the passage of a Hertzian electro 
magnetic wave through a body, and an elastic electric displacement 
is this: in the first, the electrons are displaced in such a manner 
that they cause only slight displacement of their associated mole- 
cules, whereas, in the second, the electrons and molecules are subject 
to the same displacement. In purely electric vibrations the electrons 
are loaded with only their own inertia; in elastic vibrations they are 
loaded in addition with the inertia of the atoms. Hence the electric 
properties of nerve ought to be best understood in the light of a com- 
plete electric theory of elasticity, such as will give an account of 
piezoelectricity and pyroelectricity in the domain of pure physics. 
In any case there is a splendid field for quantitative work on the pure 
physics of nerve. 


THE EXCRETION OF NITROGEN BY THE WHITE RAT 
AS AFFECTED BY AGE AND BODY WEIGHT. 


By SHINKISHI HATAI. 


[from the Neurological Laboratory of the University of Chicago.] 


HE present work was undertaken for the following reasons: (1) 

In connection with my work on the effect of starvation on the 
growth of the nervous system, definite information concerning the 
normal metabolism became necessary. (2) There are scarcely any 
records in the literature of the subject in which the metabolism of 
one animal was investigated according to age (from birth to older 
age) and weight. The investigations which can be found in the lit- 
erature along this line are not sufficiently comprehensive to demon- 
strate the relations existing between the excreted nitrogen and either 
the body weight or age, since the animals observed were fed with 
widely different foods and kept under widely different conditions. 
(3) Exact data concerning the normal metabolism of the white rat 
are very desirable to have in this laboratory, since a number of our 
experiments are conducted on this animal. 


METHOD. 


Experimental cage.—In order to determine the normal nitrogenous 
metabolism of the rat, it is necessary to collect the urine and feces. 
The cage illustrated in Fig. 1 was made especially for this purpose. 
The construction of the cage is very simple. A cylinder about 21 
cm. in diameter is made of fine wire netting. The height of the 
cylinder is about 18 cm. The base of the cylinder or cage is made 
of very fine wire netting. The mesh of the bottom wire net must be 
small enough to hold the fzces or larger food particles. Two holes 
are made along the wall of the cylinder (/ and IV); one hole is con- 
nected with the food dish (/), and the other with the water dish (WW). 


The opening is made square, and one side measures 3 cm. This hole 
must not be too large, else the animal may pollute the food or water 
dish by its own excreta. Therefore the size of the entrance must 
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conform to the size of the animal. The cover of the cylinder or 
cage is made of wire netting also. The cage thus constructed is 
placed on a funnel with a diameter of more than 21 cm. Under the 
tube of the funnel the graduated cylinder (50 c.c.) is placed. The 
cage and the funnel are held by an ordinary iron stand. Filter paper 
(P) is placed in the funnel so that only liquid can pass into the col- 


lector. By keeping the animal in such a cage, the urine alone passes 


through the filter paper, while the solid particles 

are stopped either by the filter paper or by the 

fine wire net which forms the bottom of the 

cage. The total amount of the urine is directly 

measured by reading the mark reached in the 

graduated cylinder. The loss of urine by evapo- 

ration is probably very small, for the reason that 

the surface of the accumulated urine is not ex- 

posed directly to the air, but is covered by the filter 

paper. Even if some evaporation occurred, the rela- 

tive values would not alter very much, since the 

room temperature was maintained during all the 

experiments at between 60 and 70 F. The feces 

is removed from the cage by means of a fine, long 

forceps. The bottom of the cage and the funnel! 

are carefully washed, and the water used is added 

to the collected urine. From this mixed urine 

a definite amount (usually 5 c.c.) is measured from the burette for 
analysis. Nitrogen, both in urine and faces, was determined by 
Kjehldahl’s method. 

In each case the animal, which was apparently healthy, was kept in 
the cage for three days, and was fed with ‘“‘ Uneeda Biscuit” alone. 
Urine and faces were collected every twenty-four hours, and the 
nitrogen was determined in each separately. Therefore six determina- 
tions were made in’each experiment. During an experiment the rats 
were allowed to eat as much as they desired. At the end of the three 
days’ experiment it was found that the rats under 50 gm. lost slightly 
in weight; those between 50 and 240 gm. maintained their original 
weight, while those above 240 gm. gained slightly in weight. This 
was perhaps due to the fact that the younger animals lacked their 
habitual active exercise, owing to the small confined space, and lost 
their appetite, while the older animals, not being so active, were not 
affected by the smallness of the cage. 
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One word concerning the use of the “ Uneeda Biscuit.” Any one 
familiar with the habits of the rat knows that the animal never likes 
to leave the food where it is put, but always endeavors to carry it 
away and hide it under the nest. This habit is not changed while the 
rat is in the experimental cage. A difficulty arises from this habit, 
since the rat is almost certain to pollute the food thus removed, and 
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FIGURE 2.— J, total nitrogen; WU, nitrogen in urine; U, urine (c.c.) X 10; 
NF, nitrogen in feces. 


thus the isolation of urine and fzces from the food becomes an ex- 
tremely difficult task, and the animal may eat such polluted food. 
To prevent this, ‘‘Uneeda Biscuit” which has been soaked in hot 
water is found very satisfactory, since not more than one bite can 


be carried away each time, and the animal seems to be discouraged 


from attempting its removal. Finally, this biscuit contains all the 
necessary elements of a ration, and does not require any other sub- 


stance to be mixed with it. 


EXPERIMENTAL RESULTS. 


The main results obtained during three days’ experiments are shown 


in Table I, as well as by the curves in Fig. 2. 
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716 143 169 20.38 332 204 
116 5 14.5 138 135 8 143 206 } 24.00 S96 | 22 2 AY) 
18.0 3x9 123 123 22 OO 690 259 
Average 18.3 318 134 1] 145 \verage 22.1 639 any) 24 6 
18.25 906 120 26 146 20.25 O56 r4f 7 ISS 
127 $ 13.00 | 346) 115 17 132 || 298 5 18.00 | 638 272 2¢ ry 
18.75 | 127 | 129 6 135 17.35 Sys 62 4 286 
Average 16.7 460 12) 16 138 Average 18.5 731 i) i) IRQ 
17.58 | 359 153 15 168 16.88 1424 ISG 
144 16.25 360 166 10 176 333 SO 17 280 
15.00 499 113 ] 19.50 337 97 334 
Average 16.3 256 144 9 153 Average 20.9 19 
13.90 $25 126 14 140 13.00 
156 5 13.90 | 638 15] 16 167 370 } 12.80 S17 SY) ) 21 
15.7 $45 169 17 IS6 19.30 
Average 14.5 | 503 149 16 165 Average 15.0 6334 29 
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The following statement is based on the averaged figures: 

Total amount of urine.— The total amount of urine collected for 
twenty-four hours varies much more widely than one would expect. 
The result is shown in Table II. 

Generally speaking, from the averaged figures (Table I), the total 
amount of urine increases with the body weight up to 120 gm., then 
decreases very decidedly. Krom 180 gm. it again ascends to 220 gm., 


TABLE II. 


SHOWING TOTAL AMOUNT OF URINE COLLECTED DURING TWENTY-FOUR Hours. 


Body | P No. of Body No. of 
weight animals used. weight. animals used. 


where it remains rather constant. This is also shown in Curve U. 
The irregularities which appear between 220 and 270 gm. may not be 
more than statistical variations, but those between 120 and 220 gm. 
need consideration. One group urinated a very large quantity at the 
stage of 100 gm., but the amount became suddenly smaller when the 
animal reached 120 gm. After passing 180 gm. this group began to 
urinate again in large quantities. The same fact was noticed in other 
groups. Therefore a diminution of urine at this period is not a mere 
statistical variation, but seems to be a normal phenomenon. In addi- 
tion, the animals at this stage, when the urine is scanty, drink very 
small quantities of water. Whether or not this is a phenomenon of 
adolescence needs further investigation. Leaving this peculiar stage 
of diminution, it is shown in Curve U that the total amount of urine 


gm 6.€. c.c. 
38 5.7 S 162 13.2 t 
q 53 10.4 7 178 12.5 { 
3 70 128 8S 19] 14.9 4 
SS 12.6 5 207 16.4 
99 11.8 6 220 1.0 2 
‘ 106 16.8 6 239 18.2 } 
; 116 18.3 5 266 22.1 | 
127 16.7 $ 298 18.5 5 
144 16.3 5 333 20.9 3 
156 14.5 § 370 15.0 3 
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reaches the end of the rapid rise in the animal of 120 gm.; that is, in 
the rat about eighty days after birth. Therefore the smaller animal 
urinates a relatively greater quantity than the larger animal. 

By examining the daily excretion of urine during the three days’ 
experimental period, it appeared that the amount of urine in the ani 
mals under 100 gm, diminished daily; that in those under 300 gm. it 
was greatest on the first day, on the next it fell decidedly, and on the 


last it rose again; while in rats over 300 gm. it increased daily. The 
rABLE 


SHOWING TOTAL NITROGEN EXCRETED DURING TWENTY-1 


Body Total rota) | N9-of |] Body lotal 


animals 
weight nitrogen urine wei nitrogen 


used 


mgm 
16S 


cause of the different phenomena observed may be explained par- 


tially by the fact that the animals under 100 gm. lacked their habitual 


activities, thus causing a diminution. Under 300 gm. the animals ate 
a greater amount of biscuit on the first day,— the rat eats a larger 
amount whenever a new kind of food is given, — but on the next they 
did not take so much, while in the case of the rats over 300 gm. they 
were not affected by the altered surroundings and their normal in- 
crease in body weight continued. 

Total nitrogen. — By total nitrogen is meant the sum of nitrogen 
found both in urine and faces. ‘Table III shows the total nitrogen 
excreted by the rat at different weights during twenty-four hours. 

It is clear, from Table III, that the total amount of nitrogen 13 


gm mgm c.¢ em 
SO) 5.7 162 13.2 
53 73 10.4 7 IS 12 
70 | 104 12.8 S 19] 193 14.9 3 
$5 107 12.6 194 164 
130 6 20) 20S 1.0 4 
106 128 16.8 6 239 1S 2 
116 145 IS.3 5 56 { 
127 135 16.7 1 SY l 
144 153 16.3 5 333 
156 165 14.5 5 370 306 15.0 : 
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quite independent of the amount of urine. The former steadily in- 
creases as the animals grow in weight. Unlike the urine, there is no 
period of rapid increase, but it increases constantly and continuously 
throughout the portion of the life cycle which is here examined. 


TABLE IV. 
SHOWING RATIO BETWEEN Bopy WEIGHT AND ToTAL NITROGEN EXCRETED 
DURING TWENTY-FOUR HOURS. 


Body 
weight.| Total 


Total 
nitro- 
gen. 


Total 
nitro 


gen. > Body 
Rela- | nitro-| Rela- | nitro- 
Rela- weight. 


tive in n tive ir 1 Rela- 
tive in-| gen. . tive In-| gen. 


tive in- 
crease. crease. 
crease. crease 


Body 


Bute weight. Total 


weight.| 


1.00 : 3.36 : 0010 


1.46 7 S | 3.7 : 0010 


: QOO9 
: O09 
: 
: 
: .QOO9 
: QOOY 


4.10 3.2 37 9.73 ‘ 


Below | 100-gram period (31 rats) . . 3 : 0013 
Below | 200-gram period (33 rats). . 3 001] 


Above | 200-gram period (25 rats). . 4.00 2.7 : .QOO9 
27€ 
410 


Therefore, generally speaking, the total amount of nitrogen increases 
with the weight in such a way as to form an approximately straight 
line when the total nitrogen is plotted on the base line according to 
the body weight (see Curve N, Fig. 2). The amount of nitrogen, 
however, does not increase in direct proportion to the body weight, as 
the smaller rat excretes a relatively greater quantity than the larger 
animals. Therefore the curve showing the nitrogen per gram of the 
body weight forms an approximately straight line which falls gradually 


am mgm. rm mgm. 
“33 | 1.00 | "50 | 
2 §3 1.39 73 ee 
3 70 1.S4 104 
85 2.23 107 
5 Q9 2.60 130 
6 106 | 278 | 128 
; 7 116 3.06 145 
8 127 3.33 138 
9| 144 | 3.78 | 153 
10) 156 
147 
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as the animal becomes heavier. This relation between the body weight 
and the total amount of nitrogen excreted will be more clearly indi- 
cated by dividing the latter by the former and comparing the results 
thus obtained. Table IV shows these results. 

Table IV shows clearly that the smaller animal excretes a relatively 
greater amount of nitrogen. The second and third columns show the 
relative increase of body weight and nitrogen, and although the largest 
animal is nearly ten times heavier than the smallest, nevertheless the 


rABLE V. 


SHOWING TOTAL NITROGEN EXCRETED BY THE RAT AT DIFFERENT A 


Body Total No. of oe Total 
weight. nitrogen. | animals nitrogen 


mgm 
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nitrogen excreted by the former is only six times greater than the 
latter. This also means that the body weight and nitrogen do not 
increase in direct proportion. Thus the nitrogen required per gram of 
body weight varies according to the size of the animals, and to keep 
the animal in nitrogenous equilibrium relatively different quantities 
of food must be used. In the last three lines in Table IV the ap- 
proximate amount of food required for the nitrogenous equilibrium is 
shown. For this purpose the entire series of rats is divided into 
three groups: (1) rats under 100 gm.; (2) rats over 100 and under 
200 gm., and (3) rats over 200 gm. Taking the rats under 100 gm 
as the standard, it was found that rats between 100 and 200 em. re- 
quire 1.7 of nitrogen a day per 100 gm. of rat, and over 200 gm. they 
require 2.7 times the standard. (See the column next to the last. ) 
If we arrange the rats according to age, the results thus shown 
differ from that of Table III in many respects. ‘Table V shows the 
total amount of nitrogen excreted by the rats at different ages 
Generally speaking (see Table V), the total amount of nitrogen 


excreted increases as the animals grow older, but here will be found a 


N 
animais 
day. gm mgm day gm rd 
33 +5 60 7 85 107 = 
13 6) 92 1] 153 
55 100 6 109 195 
( ( u 
68 99 114 35() 
one yeal ated 
75 149 158 7 
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distinct period of rapid rise up to 195 gm. in weight, since the animal 
reaches that stage within a short period, that is, about one hundred 
and ten days. From this stage on the animal grows continuously 


but slowly, as it takes more than a year to reach 350 gm. In such 
an animal (350 gm.) the excreted nitrogen is about 276 mgm., con- 


trasted with 220 mgm. of nitrogen in one hundred and ten days old 
rats, or an increase made during more than two hundred days is but 
56 mgm., or 20 per cent. 


Nitrogen of urine and feces. — As in the case of total nitrogen, that 
in the urine increases as the animals grow in weight. This is shown 
in Table VI. 

The urinary nitrogen represents nearly gt per cent of the total ni- 
trogen in the case of smaller animals, and in that of the larger about 
89 percent. Therefore, if the curve of the urinary nitrogen is plotted 
on the base line according to the body weight, then the character of 
the curve thus obtained will approximately coincide with that of the 
total nitrogen. The nitrogen of the faces increases also according to 
weight, as is shown in Table VI. The smaller animal eliminates a 
relatively greater amount of the nitrogen, as in the case of the urinary 
nitrogen. The percentage distribution of the faecal nitrogen in the 
total is about 9 per cent in the case of small, and 11 per cent in 
the larger animals. 


Formule for calculating total nitrogen. — From the data given in 
Table III, it was found that if we plot a curve according to the re- 
spective values obtained from logarithm of the total amount of nitro- 
gen and body weight the character of the straight line becomes more 
prominent. This fact suggested to me at once to draw an ideal line 
which should pass through as many points as possible. Curiously 
enough, most of the points fall right on or very near this ideal line, 
233+ 3. 

4 
In this formula + = logarithm of the total amount of nitrogen and 


y = legarithm of the body weight. Therefore the following formula 
is obtained: 


The mathematical value of this line was found to be + = 


233 + (3 X log. B. W.) 
4 


Log. V= 


where N represents nitrogen in milligrams and B. W. represents body 
weight in grams. The total nitrogen observed and that calculated by 
this formula are shown in Table VII. 
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TABLE VI. 


SHOWING THE NITROGEN OF URINE (A) AND 
TWENTY-FOUR 


Nitrogen No. of 


in urine animals 


Body Amount Nitrogen No 


weight. | of faces. | in feces 
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UR 
\. 
Body rotal Body lotal Nitr No. of 
weight. urine. ee weight urine in urine inimals 
gm. c.c. mgm gm mem 
38 16 162 13.2 148 
53 10.4 68 7 178 12.5 Loe 
70 12.8 96 S 19] 149 IS] 5 
85 12.6 94 5 207 16.4 174 { 
99 11.8 120 6 220 21.0 IS2 ; 
106 16.8 117 6 2359 18.2 1S7 1 
116 18.3 134 5 266 22.1 229 1 
127 16.7 121 298 18.5 

144 163 144 5 330 20.9 279 } 
156 14.5 149 5 370 15.0 277 3} 
Body Amount | Nitroger No. of 
Po inimals weight of faeces in faces inimals 

gm. mgm mgm. gm. - mgm. mgm 

38 216 3 162 304 20 
53 135 5 7 178 $12 1S t 
70 223 8 S 19] 229 12 } 
85 329 13 5 207 196 20 { 
99 264 9 6 270 $75 4 ; 
106 305 1] 6 239 566 20 } 
116 318 1] 5 266 639 27 | 
127 160 16 298 73] 

144 256 9 5 919 

156 503 16 5 370 637 
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By comparing the results calculated by this formula with those ob- 
served, it is shown, in Table VII, that the difference in averages be- 
tween the two is extremely small, amounting to +0.004, or less than 


TABLE VII. 


SHOWING LOGARITHM OF THE TOTAL NITROGEN OBSERVED AND THAT CALCULATED. 


Lo; Body | Log. N 


Calcu- 
“some weight. Observed 


Body Log. N 
weight. Observed. 


1.70 7 - 162 


178 
191 
207 


220 


Average 0.004 


+0.2 per cent, in favor of the calculated results. An examination of 
an individual case reveals still further proof of the accuracy of this 
formula. The greatest deviation, +0.06, occurred, however, just once 
out of twenty cases, while in the greater number the frequency of 
the deviation was +0.01 and, 0.02. Table VIII shows the relation 


just mentioned. 
TABLE VIII. 


t0.02 | +0.03 0.08 | $0.05 | +0.06 


Amount of deviation. +-0.01 


Frequenc 


The results obtained by the formula given above are in the form 
of the logarithmic value of total nitrogen. Therefore, in order to 
obtain the absolute value of total nitrogen, the logarithmic must be 


4 
i 
| Log. N 
Calcu 
q lated 
38 2.23 2.24 0.01 
53 1.86 1.87 0.01 2.27 | 2.27 
70 2.01 1.97 0.04 2.29 2.29 wid 
85 2.03 2.03 2.29 2.32 0.03 
99 2.11 2.08 0.03 2.32 | 234 0.02 
LO6 2.11 2.11 239 232 237 0.05 
116 2.16 0.04 266 2.41 240 0.01 
127 2.14 2.15 0.01 298 2.46 43 0.03 
144 2.18 2.20) 0.02 333 0.02 
4 156 2.22 2.22 =i bie 370 2.49 2.51 0.02 
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converted into absolute value. This is done simply by reading the 


antilogarithm of the respective values, or by the following formula: 


N 10 


From the results obtained by this formula we find that in the 
average the difference is +2 milligrams, or slightly over +1 per cent, 
in favor of the calculated results. Thus we can calculate the total 
nitrogen with a high degree of accuracy from the formula when we 
know the body weight of the animal. It must be remembered, how- 
ever, that in the present experiment the animals were fed with 
“Uneeda Biscuit” alone. Therefore any other foods which contain 
other amounts of nitrogen than the biscuit here used will probably 
be followed by the elimination of different amounts of nitrogen. 
Nevertheless, so long as the animals are fed with the same kind of 
food throughout a given period the main features of the curve should 
not be altered. 

From the above the conclusion is drawn that the total amount of 
nitrogen eliminated by rats of different weights, fed with ‘“* Uneeda 
Biscuit,” may be determined with a high degree of accuracy by the 
formula here given. Whether or not there exists in other classes 
of animals a similar relation between the body weight and the 
total amount of nitrogen excreted cannot be stated without furthet 


observation. 
SUMMARY. 


From observations on eighty-nine male rats at different ages an 
weights the following results were obtained: 

1. The total amount of urine increases with the weight up to 120 
gm., then decreases very decidedly. From 180 gm. it again increases 
up to 220 gm., beyond which weight it remains rather constant. <A 
diminution of urine in animals between 120 and 180 gm., or approxi- 
mately 70-125 days old, seems to be a normal phenomenon rathet 
than mere statistical variation. Whether or not this is a phenomenon 
of adolescence needs further investigation. It must be noted, how 
ever, that puberty in the rat begins at about seventy days after birth 
The smaller animals excrete a relatively greater quantity of urine 
than the larger animals. 

2. The total amount of nitrogen is quite independent of the amount 


of urine, and increases constantly and continuously throughout life 
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It increases with the weight, as is shown in Curve N, Fig. 2. The 
smaller rats, however, excrete a relatively greater quantity than the 
larger animals. 

3. The percentage value of urinary nitrogen is 91 per cent of the 
total in the case of smaller animals, and 89 per cent in that of the 
larger. 

4- The total amount of nitrogen eliminated by the rat during 
twenty-four hours at different weights may be determined with a 
high degree of accuracy by the following formula: 


V = 10 or loge N = 233 T (3 log. B. W.) 


4 


where N = total nitrogen in milligrams and B.W. = body weight in 


grams. 


4 
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ON THE MASKING OF FAMILIAR IONIC EFFECTS 
BY ORGANIC SUBSTANCES IN SOLUTIONS. 


By PERCY GOLDTHWAIT STILES ann WILLIAM HERBERT BEERS. 


[ From the Physiological Laboratory of the Massachusetts Institute of Technol 


T is the purpose of this paper to call attention to certain facts 
which seem to have escaped general recognition, though without 
doubt tacitly accepted by many experimenters. In the numerous re- 
searches concerning the effects of ions upon living tissues the solu 
tions used have been usually simple inorganic mixtures, and rarely 
has any consideration been given to the possible variation of results 
which might be occasioned by adding proteid or other organic mate- 
rial to the media. Inferences drawn from trials with inorganic solu 
tions have sometimes been carried over without qualification and 
applied in reasoning about the individual effect of ions in blood and 
lymph. Great caution should be observed in making such deduc- 
tions, for the state of affairs in the plasma is far removed from that in 
a purely mineral solution. 
How far this is true may be illustrated by a reference to the alka- 


linity of serum, much investigated of late. The simple statement 


used to be made that serum has an alkalinity equivalent to 95.2 per 
cent sodium carbonate. Every one who has used Ringer’s solutions 
knows that in the absence of proteid such a concentration of sodium 
carbonate is toxic to tissues and precipitates calcium. Recent study 
of blood and serum shows that power to neutralize acid is no fair 
measure of their active alkalinity, for temporary compounds exist 
between the hydroxyl ions and the proteids. Comparatively few hy- 
droxyl ions are free at any one time. Brandenburg‘ has found that 
four-fifths of the total alkali is in a form which he feels justified in 


1 BRANDENBURG: Zeitschrift fiir klinische Medizin, 1g02, xlv, p. 1§7; also 
FARKAS: Archiv fur die gesammte Physiologie, 1903, xcvili, p. 551; FRIEDEN 
THAL: Zeitschrift fiir allgemeine Physiologie, 1902, i, p. 56; FRIEDENTHAL: 


Archiv fiir Physiologie, 1903, p. 550. 
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calling indiffusible. Loeb! has noted the difficulty experienced in 
altering the number of free hydroxyl ions in blood by adding acids 
or alkalies. 

The combinations between proteids and acids and alkalies are well 
known and readily demonstrated by means of freezing-point deter- 
minations. The value Ais distinctly reduced when proteid is added 
to an acid or to an alkaline solution the freezing-point of which has 
been previously ascertained. This method has been used extensively 
by Bugarszky and Liebermann “and by Cohnheim and Krieger.* The 
question as to whether such combinations are always formed when 
neutral salts and proteids are brought together is not so well settled. 
Bugarszky and Liebermann did not obtain evidence of such combina- 
tion between proteid and sodium chloride. On the other hand, 
Buffa* believes that the chlorides of the blood are normally in com- 
bination with the proteids. Loeb,* Pauli,® and others have elaborated 
the attractive hypothesis that the salts of the tissues and, presumably, 
those of the body fluids exist largely in such compounds. But the 
nature of the union is ill-defined. It must be a most slender one, 
lacking the tenacity to retain the salt when there is a chance for 
dialysis. Perhaps we may have to recognize physiological compounds 
which are not demonstrable at all by chemical methods but only by 
the reactions of living tissues. An alternative statement would be 
that the masking of an ionic effect by a colloid is a most delicate 
indication of a union between the two. 

The hypothesis that ions are arrested or at least restrained in their 
physiological activity by the colloids of the blood goes far toward 
explaining the disparity between the sensitiveness of cardiac tissues 
to changes in the proportions of a Ringer’s mixture and the compara- 
tive indifference of the heart zz sz/u to copious intravenous injections 
of salt solutions. One of us (S. with R. P. Wadhams’‘) has fre- 
quently introduced great volumes of a 1 per cent solution of calcium 


! Logs: Studies in general physiology, ii, p. 547 note. 
2 BUGARSZKY and LIEBERMANN: Archiv fiir die gesammte Physiologie, 1898, 
Ixxii, p. 51. 

3 COHNHEIM and KrieGer: Zeitschrift fiir Biologie, 1900, xl, p. 95. 

4 Burra: Archives internationales de pharmacodynamie et de thérapie, 1g00, 
vii, p. 425. 

5 Logs: This journal, 1900, iii, p. 327. 

6 Pauti: Uber physikalisch-chemische Methoden und Problem in Medizin, 
Wien, tg900. Wiener akademische Anzeiger, 1899. 

7 Unpublished work. 
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chloride into the veins of dogs—sometimes as much as 100 c.c. 
at once — with only a transient disturbance of the blood-pressure 
and little or no change in the character of the heart-beat. Making 
all allowances for rapid exchanges between the blood and the tissues, 
it remains certain that such infusions must radically raise the aver- 
age calcium content of the blood and that a shielding action must be 
attributed to the organic molecules of the medium. 

Anticipating that we might find the familiar effects of salts or ions 
upon contractile tissues lessened or suppressed when organic bodies 
of large molecule were present in the solution, we chose certain of 
the best-known cases of ionic influence for investigation. The fol 
lowing suggested themselves as likely to yield clean-cut returns: 
(1) the heightening of tone by calcium chloride, (2) the more exagger- 
ated and radically toxic effect of barium chloride, (3) the depressing 
effect of potassium chloride in small amounts, (4) the similar effect of 
sodium nitrite, the last illustrating the power of the anion. We 
sought to test the reactions of tissues toward measured concentra 
tions of these four salts in the presence of organic substances, and wi 
made comparisons between the records thus obtained and those of 
a control series in which no organic materials were added to the 
media. The organic substances used in the significant experiments 
included white of egg, partially dialyzed serum, Witte’s Peptone and 
starch. No attempt was made to secure these compounds in ash-free 
form because their mineral content never amounted to more than a 
very small fraction of the total salts in solution. The only instance 
in which the ash had an obvious effect was with white of egg where 
the depressing power of potassium sometimes showed itself and was 
offset by modifying the solution to which the egg was added. The 
contractile tissues tested comprised slips of plain muscle from the 
alimentary canal of the frog, the terrapin, and in one case the guinea- 
pig, cardiac preparations from the frog and the terrapin, and also 
skeletal muscles from the same animals. 

The method of experiment was simple. In a small beaker a meas 
ured amount of a suitable solution was placed. ‘“ Normal” saline or 
a Ringer’s mixture was used as a basis, and the organic body added 
if proteid to a concentration of about 2 per cent. In another 
beaker was an equal quantity of the basal mineral solution. Com- 
panion strips of tissue or muscle preparations were suspended in the 


two beakers, and traced superimposed records of their tone-changes 


by means of light levers writing upon a very slow drum. Additions 
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of the salts to be tested were made from burettes, and the concentra- 
tion of the solutions was kept constant within reasonable limits so as 
to avoid disturbances of osmotic relations. 

The results of about fifty experiments indicate that the effect of a 
given amount of a salt upon the tone of any of the contractile tissues 
employed is much obscured by the organic bodies when these are 
present. To make the response of the preparation in such a solution 
equal to that of its fellow in a simple inorganic mixture, from two to 
four times as much of the stimulating or depressing agent must be 
added. 

The effect of barium chloride is one of the most available for study, 
and in this case skeletal muscle reacts most decisively. The prompt 
onset of rigor when a minimal quantity of barium chloride is added 
in the absence of the protecting proteid or starch is in marked con- 
trast to the tardy development of the contraction in the other case. 
Pauli! has shown that barium has the power to combine with proteid, 
but in very small proportions. Freezing-point determinations of 
such accuracy as we could attain gave us no evidence of such com- 
bination, but there was the best of testimony from the behavior of the 
muscle. 

Of course our experiments are of doubtful value unless one can be 
assured that the organic bodies employed are themselves nearly or 
quite without influence upon the tissues. This seemed tolerably 
certain in most cases. The occasional prominence of the potassium 
effect with white of egg has been mentioned. Starch does seem to 
have some influence unfavorable to prolonged activity and sustained 
tone of the preparations, but it was not such as to obscure the general 
trend of the results. In the early stages of our experiments we fre- 
quently exchanged the solutions that both pieces of tissue might 
have periods of exposure to the organic substance. 

In a few supplementary experiments we tried to find out whether 
the effect of temperature changes upon the tone of plain muscle is 
more marked in the absence of organic material than in its presence. 
There seemed to be no distinct difference; both strips relaxed when 
warmed and contracted when cooled in the familiar manner and in 
about the same degree. These negative results are useful inasmuch 
as they favor the view just now defended that the organic bodies are 
substantially indifferent to the muscle preparations. 

We conclude that the ionic effects so far studied are all masked in 


1 PauLi: Loc. 
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striking manner by organic bodies of large molecule. It would be a 
difficult and delicate matter to bring this principle to bear in criticism 
of earlier work. Still the following suggestion may be admissible. 
Most of the investigators who have studied the relationship between 
rhythmicity and various conserving media have found it of no advan- 
tage to add proteids or other organic bodies to their salt solutions. 
A few have constantly claimed that some benefit proceeds from such 
additions. In at least a portion of these cases it seems possible that 
the only usefulness of the organic ingredient has been to moderate 
the effect of ions not present in the most desirable proportions and 
numbers. 

The most suggestive result of this work appears to be the corollary 
to our main conclusion, —that the masking of ionic effects upon liv- 
ing tissues by organic bodies may be taken as an indication of com- 
bination where it is difficult to obtain evidence upon the matter by 
the usual chemical methods. 


A MECHANICAL THEORY OF MUSCULAR CONTRAC- 
TION AND SOME NEW FACTS SUPPORTING IT. 


By EDWARD B. MEIGS. 


N 1897! and 1898? there were published in the Journal of Anatomy 
and Physiology two articles which for the first time put forward 

a comprehensible mechanical theory of muscular contraction. The 
author deals mainly with the fibrils of the wing muscles of insects, 
and he advocates the hypothesis that the contraction of these fibrils 
is caused by their absorbing some of the fluid sarcoplasm which sur- 
rounds them. A rough idea of how an increase in the volume of the 
contents of a fibril might cause it to be shortened can be gained 
from a consideration of the model shown by Figs. 1 and 2. 

In Fig. 1 the model is represented in a state of extension. A A is 
a tube of thin rubber encircled at intervals by wire rings, EF F F. 
Along the tube run inelastic cotton threads, ¥ F F, each of which is 
attached to all of the wire rings. The part of the model so far de- 
scribed represents the fibril. £ is an air-pump, by which air may be 
forced into the tube, Ad A. When this is done, the model takes the 
form shown by Fig. 2. Each of the divisions of the tube between the 
wire rings tends to become spherical, the cotton threads are thrown 
into curves, and, as they are nearly inelastic, the whole structure 
necessarily shortens. The illustrations are rough scale drawings of 
the model itself, so that the relative dimensions are preserved. The 
distance between the lines A and B&, Fig. 2, represents the amount of 
the shortening. 

A good deal of McDougall’s argument is based on the fact that 
the form of contracted fibrils is somewhat like that of the contracted 
model. To me his reasoning seems most convincing, and any one 
who has read his articles must at least admit that a very important 
question in regard to the physiology of muscle has been opened. 


1 McDOouGALL, W.: Journal of anatomy and physiology, xxxi, p. 410. 
2 McDOouGALL, W.: Journal of anatomy and physiology, xxxii, p. 187. 
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In April, 1904, I published (unfortunately, without having seen 


McDougall’s papers) an article in which it is shown that the con- 
tracted voluntary muscle fibres of the frog are sometimes found in a 
form strikingly like that of the contracted model. I have now to sub- 
mit the most direct 
and positive evidence 
that during the con- 
traction of this form 
of muscle fluid passes 
from the periphery of 
the fibres toward the 
centre. 

If a frog’s muscle be 
frozen while still living 
and cut into transverse 
sections, and if these 
sections be stained with 
a 2 per cent methylene- 
blue solution and im- 
mediately examined in 
0.7 per cent sodium 
chloride solution, most 


of the sections of the 
fibres will be found Fic. 1.— Model extended. Fic. 2.— Model contracted 
in two highly typical, 

though strikingly different, forms, which are illustrated in Fig. 3. 
This and the other illustrations are by Hermann Faber. I cannot say 
too much in praise of the accuracy of the drawing and the skill of 
the rendering. 

A large number of fibres will present the appearance of A, Fig. 3. 
The cross-section of one of these fibres consists of a deeply stained 
peripheral ring surrounding a faintly stained or unstained central 
area. The peripheral ring exhibits a more or less plainly marked 
radial striation; the central area shows a network of dark lines en- 
closing lighter spaces, which I take to be the fields of Cohnheim. In 
muscles taken from winter frogs the nuclei are large and abundant; 
in the case of summer frogs the nuclei are much less prominent or 
altogether absent. By changing the focus, it can usually be made 
out that the ring is thicker perpendicularly than the central area; 


1 MEIGS, Epwarp B.: American journal of the medical sciences, April, 1904 
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on focussing down the ring comes into focus first and afterwards the 
central area. 

A smaller though considerable number of fibres presents the ap- 
pearance of B, Fig. 3. In these there is a slightly stained or unstained 
ring, 


form A, shows radial striations; the central area shows the network 


surrounding a deep blue central area. The ring, like that of 


of dark lines somewhat obscured by the deep blue color, and in addi- 
tion a rather granular appearance. It is most important to notice 
that the relative sizes of the ring and central area have changed. In 
the A form the diameter of the whole section—ring plus central area 
—is about twice the diameter of the central area alone; in the P 
form the diameter of the whole section is only about half again as 
great as the diameter of the central area. By changing the focus it 
can be made out that in the # form the central area is thicker per- 
pendicularly than the peripheral ring; on focussing down, the central 
area comes first into focus and afterward the peripheral ring. In 
sections prepared by the method described there are numerous other 
forms less frequently seen, but it will be more profitable to discuss 
these later. It will now be shown that the fibres presenting the A form 
are relaxed, and that those presenting the 7 form are contracted. 
The simplest way of showing this is to compare the cross-sectional 
appearance of two muscles which have been treated exactly alike in 
every way, except that one has been frozen while relaxed, and the 
other while contracted under the influence of a tetanizing current. 
The experiment may be performed as follows: A cover-glass is laid 
over the freezing-block to obviate short-circuiting the stimulating 
current, and a pair of thin copper electrodes over the cover-glass. 
The freezing-block is then reduced to a very low temperature and the 
stimulating current started. Interruptions as frequent as one hun- 
dred per second seem to give the best results. The muscle is now 
laid over the electrodes. It can thus be completely frozen in about 
a minute after the tetanizing current has been applied. The control 
muscle is put through exactly the same process, except for the appli- 
cation of the tetanizing current. I have gone to the detail of inter- 
posing a cover-glass between the freezing-block and the control 
muscle, lowering the temperature of the freezing-block before laying 
the muscle on it, preparing the control muscle first in some cases and 


in others the contracted muscle, etc., in order to get exactly the 
same conditions in both cases. When the experiment is properly 
performed, the result invariably is that the sections of the contracted 
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muscle show more fibres in the A form than those of the control 


muscle. It must be added that by this method not all the fibres of 
the contracted muscle can be got in the typical 7 form, nor all those 
of the control muscle in the typical A form. The control muscle may 
almost always be seen to contract slightly when laid on the cold 
freezing-block and a few of its fibres are usually found in the 7# form. 
On the other hand, it would be very unlikely that all the fibres could 
be caught contracted by the above-described method of preparing 
sections from a muscle in contraction; but the contracted muscle 
usually shows so many more fibres in the / form than the control 
muscle, that there can be no doubt that the 7 form really is that of 
contracted fibres. 

The experiment which has just been described is quite sufficient 
to settle the point in question, but still further light is thrown on the 
subject by the following facts: The number of fibres which appeat 
in the B form in sections from muscles frozen while supposedly re 
laxed depends largely on the irritability of the muscle immediately 
previous to being frozen. In the case of frogs killed in winter, the 
great majority of the fibres appear in the 4 form. If the work be done 
on cool days in summer, nearly as many fibres appear in the / form 
as in the A form; and if the work be done on very hot days in sum- 
mer without the precaution of previously cooling the frog by means 
of ice, practically all the fibres will be found in the 2 form. Another 
fact of great interest is that if a muscle be thrown into heat rigor 
or water rigor, and then frozen and cut into sections, every fibre in 
every section will be found in a form resembling 4, Fig. 3. 

It may therefore be taken as established that, whatever changes 
the muscle fibres undergo during the processes of freezing, cutting, 
and staining, the A form stands in the sections as the representative 
of the uncontracted fibres, the / form as the representative of the 
contracted fibres. It will now be shown that the change from A to 
B consists, in all probability, in a passage of fluid from the peripheral 
ring to the central area. 

The most conspicuous difference between A and # is that the 
former consists of a darkly stained ring surrounding a faintly stained 
central area, whereas the latter consists of a darkly stained central 
area surrounded by a faintly stained or unstained ring. This differ 
ence is of itself sufficient to suggest that, as the fibre changes from 
the A state to the Z state, some fluid which stains with methylene 


blue passes from the peripheral ring to the central area. But when 
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it is added that in the # fibres the central area is invariably larger in 
comparison to the peripheral ring than in the 4 fibres, it seems diffi- 
cult to escape from the conclusion that substance has passed from 
the latter to the former. And still more convincing evidence may be 
adduced in the following manner: The two sartorii from the opposite 
legs of the same frog are dissected out with the utmost possible care 
and placed immediately in a solution containing 3000 parts water, I 
part methylene-blue, and 21 parts sodium chloride. They are kept 
in this solution at from 0° to 5° C. for from twenty-four to forty-eight 
hours, when they will be found to be more or less stained by the 
methylene-blue. One of these muscles is frozen and cut into trans- 
verse sections, which are immediately examined. The methylene- 
blue will be found to be almost exclusively contained in the peripheral 
rings of those fibres which have taken the stain. The other muscle 
is placed in 0.7 per cent salt solution at a temperature of 50° C. for 
two or three minutes. During this period it may be seen to shorten 
to about half its previous length and to become correspondingly 
thicker, in other words, to go into atrue heat rigor. If it be now 
frozen and cut into transverse sections, the methylene-blue will be 
found exclusively contained in the central areas of its fibres. This 
experiment I have of course frequently repeated, and, whatever con- 
clusions are to be drawn from it, it seems to leave no doubt of the 
fact that during the oncoming of heat rigor some substance which 
stains with methylene-blue passes from the periphery to the centre 
of the muscle fibres. Before the advent of heat rigor the methylene- 
blue is found in the peripheral rings, afterward in the central areas, 
and there seems no escape from the conclusion that while heat rigor 
is coming on, the blue-staining substance passes from one place to 
the other. I have not yet been able to obtain muscles stained with 
methylene-blue sufficiently irritable to contract markedly when stim- 
ulated with a tetanizing current; but I think that a consideration of 
the experiments so far described will leave no doubt that the move- 
ment of fluid from the periphery to the centre of the fibres is one of 


the phenomena of contraction. 

The hypothesis gains still further support from a consideration of 
the more atypical forms of muscle fibres seen in cross sections pre- 
pared by the freezing process, all of which it readily explains. 

A, B, C, D,and £, Fig. 4, are forms quite frequently seen in sections 
cut from frozen muscle. In A and & the blue-staining substance 
from a part of the peripheral ring has passed into the central area, 
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while another part of the ring has not been affected. In A the blue- 


staining substance is uniformly distributed throughout the central 
area, while in # it has only penetrated a part of the area, the re 
mainder being left unstained. In C the blue-staining substance has 
passed in from all parts of the ring, but has not penetrated the whole 
of the central area; at @ is seen an unstained area. These incom- 
plete forms of contraction are frequently seen in sections cut from 
muscles caused to contract by a tetanizing current. 2 and £& are 
most frequently seen in sections from muscles thrown into the ex 
treme and abnormal form of contraction known as heat rigot In 
these it seems as if not only the blue-staining substance had been 
taken into the central area, but after it the non-staining substance of 
the peripheral ring as well. In D this has been accomplished pat 
tially; in £, completely. The cross section shown at #, Fig. 4, 
seems to me particularly remarkable. The blue-staining substance 
appears like a cloud, partially filling the central area and shading off 
gradually into the unstained part of that area. The appearance is 
difficult to reproduce, but it gives an irresistible impression that the 
blue-staining substance from one side of the peripheral ring has par- 
tially penetrated the central area. 

The facts to be learned from a study of cross sections of frog’s 
muscle prepared by the freezing process are by no means the only 
available support for the view that the contraction of the fibres of 
this form of muscle is a process essentially similar to that described 
by McDougall for the fibrils of the wing muscles of insects. A large 
part of McDougall’s argument rests on the evidence for the presence 
of inextensible transverse membranes in the fibrils of the insects’ 
muscles. He believes that the contraction of the fibrils depends on 
the presence of these inextensible membranes in the same way that 
the shortening of the model shown by Figs. 1 and 2 depends on the 
presence of the inextensible wire rings The cross mark- 
ings in frog’s muscle fibres and in other forms of vertebrate muscle 
are much too close together to play this part in contraction. But 
the following experiment indicates that there exists in frog’s muscle 
fibres a structure to which little attention has hitherto been paid, 
but which might very well have the function attributed by McDougall 
to the transverse membranes of the insects’ wing fibrils. The living 
muscle of a frog is placed in a 2.5 per cent solution of glycerine in 
water. It is allowed to remain in this fluid at a temperature of from 
o° to 5° C. for twenty-four hours; then transferred to 5 per cent gly- 
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cerine, in which it remains for another twenty-four hours at the same 
temperature; then transferred to 10 per cent glycerine ; and so on 
up to 25 per cent or 30 per cent glycerine. If the fibres of this 
muscle be now teased out and examined in 30 per cent glycerine, 
great numbers of them will present the appearance of Fig. 5. 
Griitzner ! describes this peculiar appearance in the fibres of the 
voluntary muscle of the rabbit, and gives excellent illustrations of it. 
He states that the substance in the light bands, 4, 4, d, Fig. 5, is more 
highly refractive and more strongly anisotropic than that in the rest 
of the muscle fibre; that it extends through the whole thickness of 
the fibre, as is shown by the fact that in cross sections of such mus- 
cles some of the fibres are altogether clear like the light bands, and 


others altogether dark; that the appearance is seen in the fibres of 


fresh normal muscles, which have been hardened with Miiller’s fluid, 
or treated with solutions of potassium chloride, or subjected to the 
influence of various other reagents; but that the appearance is seen 
most frequently in fibres from muscles treated with warm water or 
physiological salt solution. He is of the opinion that the light bands 
correspond to areas in which the muscle fibres have gone into heat 
or death rigor. I have repeated most of his experiments with frog’s 
muscle, and have obtained the same results except in one case. I 
have not been able to produce the appearance in frog’s muscle fibres 
by treating them with warm water or salt solution. 

Longitudinal sections of muscle fibres presenting this peculiar 
appearance are extremely interesting. Such a section is shown by 
Fig. 6. Ihave of course made serial sections and followed the same 
fibre through several sections, so that I can state positively that the 
light band extends through the whole thickness of the fibre. Fig. 6 
represents a section of thickness not more than one-seventh the diam- 
eter of the fibre, and cut through that portion of the fibre at which 
the diameter is greatest. 

In sections from muscles prepared by the glycerine method de- 
scribed above, and then washed out thoroughly with distilled water, 
stained with carmine, dehydrated, and embedded in paraffin, the 
appearance is practically always that of Fig. 6. That is, each of 
the light bands is represented by a narrow light line, not more 
than 10 w in width, and bounded on either side by a thicker deeply 
red line. The muscle substance is often more deeply stained in the 

' GRUTZNER, P.: Ergebnisse der Physiologie, Dritter Jahrgang, II Abthei- 
lung, Biophysik und Psychophysik, 1904, p. 26. 
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neighborhood of these markings than in the areas midway between 
them. 

I do not wish to dispute the suggestion that this remarkable appear- 
ance is largely due to post-mortem changes. The light bands do not 
appear in fibres teased out from a fresh living muscle, and therefore 
the fibres in which they do occur must have undergone some change. 
But it is impossible to suppose that the appearance teaches absolutely 
nothing in regard to the structure of the muscle fibre. The whole 
science of histology rests on evidence obtained from dead tissues sub- 
jected to treatment with various reagents; and if everything had to 
be given up except what can be learned from living organisms, there 
would be little left on which to build. 

It must be admitted that the ratio between the diameter of the 
muscle fibre and the distance between two neighboring light bands 
is not constant. The extremes of the variation of this ratio are 
shown in 4 and #, Fig. 5. But the arrangement of the light bands 
is very far from irregular. Long series of them are seen at almost 
exactly equal distances from each other; and a very significant fact 
is that the bands are usually closest together in the thickest fibres. 
Again, the sharpness in the appearance of the individual markings, 
as seen in longitudinal sections (Fig. 6), indicates that they cannot 
be the effect of some chance decomposition. Gritzner! indicates 
his opinion that the distance between the markings depends largely 
on the degree to which the muscle has been allowed to contract 
in the process of preparation; and it seems a far from improbable 
supposition that in completely extended muscle fibres the light bands 
would be at absolutely equal distances, and that the apparent varia 
tion is due merely to different degrees of contraction and to different 
degrees of swelling or shrinkage of the tissues under the influence of 
the reagents used in preparing them. 

In regard to Grutzner’s suggestion that the appearance is the expres- 
sion of oncoming rigor mortis or heat rigor, I can only urge the fol 
lowing objections: I have never been able to produce the appearance 
in frog’s muscle by throwing it into heat rigor. This is very possibly 
due to some difference in technique, but it may at least be stated 
positively that frog’s muscle fibres in heat rigor often do not show 
the light bands. If, as Grutzner seems to indicate, the light bands 
represent areas in which rigor mortis has appeared, muscle fibres in 


complete rigor mortis should have the appearance of the light bands 
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through their whole length; but as a matter of fact they have much 
more nearly the appearance of the intermediate darker areas. If the 
light bands are areas in rigor mortis, that is, in contraction, the 
muscle fibre should be thicker at their levels than elsewhere; but 
I have seen fibres showing long series of light bands and not bulged 
out at their levels at all. Indeed, the fibre is often seen to bulge 
more or less in the areas detween the light bands (see Fig. 6). If 
Grutzner’s suggestion is correct, muscles showing the light bands 
should be more or less contracted ; but I have found great numbers of 
fibres showing the light bands in muscles prepared by the glycerine 
method, and having by careful measurement a length equal to or a 
little greater than their length when living and fully extended. 
Finally, the fact that this appearance is seen in muscles treated 
in so many different ways seems to indicate that it has something 
to do with the structure of the muscle fibre. 

Enough has been said to show the probability that the structure of 
the muscle fibre is differentiated at intervals corresponding to the 
points at which the light bands appear. Some such structural dif- 
ferentiation has been already indicated by the appearance I have 
described in muscle fibres in water rigor and in muscle fibres con- 
tracting under the influence of an electric current ;! and still further 
light is thrown on the physical nature of the light bands by the fol- 
lowing facts: If fibres be teased out from a muscle treated with 
glycerine by the method described above and carried up to a strength 
of 30 per cent, and if these fibres be then immersed in concentrated 
glycerine, the outlines of each fibre will be markedly drawn in between 
the light bands, giving the appearance of Fig. 7. 

The reason for this drawing in of the outlines of the fibre is very 
evident. The osmotic pressure of the concentrated glycerine, in 
which the fibre is immersed, is much higher than that of the 30 
per cent glycerine, with which it is penetrated. There is conse- 
quently a strong tendency for fluid to pass out of the fibre, and for 
its diameter to become less at all points. As the diameter remains 
the same at the levels of the light bands, while decreasing at all other 
points, there is every reason to believe that they are stiffer than 
other parts of the fibre. A further hint as to their physical pecu- 
liarities is gained from the fact that the muscle fibre is often found 
broken across at their levels, and there can hardly be a doubt that 
they have some connection with the phenomenon of fragmentation, 
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in which pathologists have lately been so much interested. It seems 
as if at these points the muscle fibre lost in longitudinal tensile 
strength what it gains in lateral inextensibility. 

The reason for the foregoing discussion of the appearance of the 
remarkable distinct cross markings in the voluntary muscle fibres of 
the frog, will, I think, be evident to any one who understands the 
imbibition hypothesis. I have been trying to show that the con- 
traction of frog’s muscle fibres is a process essentially similar to 
that which McDougall describes for the fibrils of insects’ wing 
muscles, and which may be roughly illustrated in the shortening 
of the model shown by Figs. 1 and 2. In my previous paper! it 
was shown that contracting fibres could often be seen to assume the 
form of the contracted model, and the well-known facts of water 
rigor were adduced to show that muscle fibres could be made to 
contract by artificially increasing the volume of their contents. A 
study of cross sections of contracted and uncontracted muscle fibres 
prepared by the freezing process seems to show directly that during 
contraction fluid passes into the muscle fibres, that is, into the cen 
tral areas. The peripheral ring is of course only a reservoir of fluid 
ready to pass into the fibre proper, and, as shown by £, Fig. 4, dis- 
appears entirely when the fibre is completely contracted. It was 
still necessary to show the existence in frog’s muscle of some struc 
ture which could be compared to the wire rings of the model, or to 
the inextensible membranes described by McDougall in the insects’ 
wing fibrils. This gap in the argument is supplied by the appearance 
of the light bands, which thus constitute an important link in the 
chain of circumstantial evidence supporting the imbibition hypothesis. 

A full discussion of the change of form which frog’s muscle fibres 
undergo during contraction must be left for a later article. The 
study of muscle fibres hardened by various reagents and of longitu 
dinal sections cut from muscles frozen in contraction has led me to 
the belief that the usual form of contracted fibres is more like that 
described by McDougall for the wing fibrils of insects than like 
that of the contracted model shown by Fig. 2. The difficulties of 
the subject may be inferred from a consideration of what has been 
said regarding cross sections of muscle prepared by the freezing 
process. It is of course the central part of the muscle fibre which 
corresponds to the wing fibrils of insects and to the rubber tube of 
the model. The change of form which this part of the muscle fibre 
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undergoes during contraction is clouded by the surrounding periph- 
eral ring of deeply staining substance, the form of which is more 
or less fortuitous. It is one of the merits of the imbibition hypoth- 
esis, as stated above, that it explains many of the extraordinary and 
apparently utterly irregular appearances of muscle fibres prepared by 
various methods; but it is quite impossible to enter on a discussion 
of this subject in the present article. Fig. 8 represents a fibre from 
a muscle hardened by osmic acid while under the influence of a tet- 
anizing current. Many fibres from muscles treated in this way show 
a striking resemblance to various stages of contraction described by 


McDougall in the fibrils of insects’ muscles. 
Although it is impossible to consider properly the literature of the 
subject of muscle in this article, certain observations bear so directly 


on some of the statements I have made, that it will be worth while 
to mention them in the briefest possible compass. Schaffer! de- 
scribes and illustrates ringed muscle fibres strikingly like those of 
Fig. 3, which he observed in cross sections of human muscle hard- 
ened in Flemming’s solution. The muscle had been cut fresh from 
the gastrocnemius of an executed criminal, and placed immediately 
in the hardening reagent. Griitzner* describes the appearance of 
light bands like those shown by Fig. 5, not only in the voluntary 
muscle of the rabbit, but also in the smooth muscle of the small in- 
testine of the cat. 

The beaded appearance of contracted muscle is described by many 
observers in many different forms of muscle. Dwight® has studied 
the living muscle fibres in the leg of one of the water beetles (Gyri- 
nus), and states that during contraction “the outlines of these fibres 
always become scalloped.” He gives an illustration of a contracted 
muscle fibre of which the appearance is not unlike that of Fig. 8. 
The fibre in Dwight’s illustration shows a much more regular bead- 
ing than that of Fig. 8. It is of course not to be expected that 
muscle fibres subjected to the usual histological processes should 
show more than a distant approach to the form of muscle fibres liv- 
ing and actively contracting. Biedermann‘ gives an illustration of 
the muscle fibre of a beetle (Aphodius rufipes) treated with strong 


1 SCHAFFER, J.: Sitzungsbericht der kaiseriichen Akademie der Wissen- 
schaften zu Wien, 1893, Cii, p. 7. 
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8 Dwicut, T.: Proceedings of Boston society of natural history for 1873. 

4 BIEDERMANN, W.: Electrophysiologie, Jena, 1895, pp. 36 e¢ seg. 
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alcohol and acid. This fibre shows an appearance not unlike that 
of Fig. 8, and Biedermann states that Rollett has often observed this 
form in fresh, living fibres, contracting beneath the microscope. 
Biedermann also states on page 19 that the beaded appearance has 
been observed in preserved specimens of the involuntary muscle 
fibres of the poison gland of the salamander and of the intestine of 
the cat. 

I must conclude with a statement of the scope and purpose of the 
foregoing article. An adequate account of the reasons for accepting 
the imbibition hypothesis of muscular contraction would involve a 
of 


y 
this. 


review of the whole subject of the histology and physiolog 
muscle, which is, of course, utterly impossible in an article like 
But McDougall’s articles have hitherto attracted so little attention 
that it has been necessary for me to give at least a simple statement 
of his hypothesis in order to make clear the meaning of my own ob 
servations. ‘These latter I have stated in the shortest possible com- 
pass, almost without touching on their relation to the vast literature 
which has grown up in regard to the subject of muscle. They con- 
stitute but a small part of the whole body of evidence in favor of the 
imbibition hypothesis. This evidence is constantly accumulating 
and will, in the near future, it may be hoped, be presented to the 
world in a proper form. 


EXPLANATION OF FIGURES. 


FiGuRE 3.— Two forms of fibres seen in cross sections of muscle prepared by the freezing 
process. a, deeply stained peripheral ring; 4, lightly stained central area; a’, lightly 


stained peripheral ring; 4’, deeply stained central area. The tissue is that of a 


summer frog. 


FIGURE 4.— Atypical forms of fibres seen in cross sections of frog’s muscle prepared by 
the freezing process. a, portion of central area not yet penetrated by the blue 


Staining substance. The tissue is that of a summer frog. 


FiGurE 5.— Muscle fibres prepared by treatment with gradually increasing strengths of 
glycerine. In A the light bands are shown at their greatest distances; in 4, at their 


least distances. At a the ordinary cross striation is visible. 664, light bands. 


Figure 6.— Longitudinal section 154 thick of muscle fibre about 1404 in diameter ; 
stained with carmine. The tissue is that of a winter frog, and was prepared by 


treatment with gradually increasing strengths of glycerine 
£ 


FiGurE 7.— Muscle fibre prepared by treatment with gradually ascending strengths of 
glycerine, and finally treated with concentrated glycerine. 


> 


Figure 8.— Portion of fibre from muscle hardened by osmic acid while under the 


influence of a tetanizing current. 
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THE SOLUBILITY OF GLOBULIN IN SALT SOLUTION. 


By THOMAS B. OSBORNE aAnp ISAAC F. HARRIS. 


[from the Lab wator, th Connectici toultuy riment Stat 


M ANY protein substances which do not dissolve in pure water pass 
into solution on the addition of a neutral mineral salt. Proteins 
which are thus soluble in dilute saline solutions are known as globu 
lins, and are found widely distributed in animal and vegetable tissues, 
being especially abundant in the seeds of nearly all the plants thus 
far examined. Although in some respects seed globulins differ from 
animal globulins, notably in not being precipitated, in most cases, 


by saturating their solutions with magnesium sulphate, nevertheless, 


they show in a very marked degree that most essential character of a 
globulin, solubility in saline solutions and insolubility in pure water. 
Many of these plant globulins are but slightly soluble at the room 
temperature in relatively strong saline solutions, ¢. g., 2 to 3 per cent 
of sodium chloride, whereas they dissolve in very large proportion 
in those containing 5 to 10 per cent. The solubility of the globulin 
increases with the temperature, the increase above 30° being especially 
rapid. Concentrated solutions prepared at these higher temperatures, 
when cooled deposit the globulin either in crystals or in well-formed 
spherules or spheroids. 

It is thus evident that we have in seeds protein substances which, 
in a typical manner, show the property of being dissolved by solu- 
tions of neutral mineral salts. The proportion of salt required to 
effect solution varies with the nature of the protein as well as with 
that of the salt. Some salts which, at a certain concentration, dis- 
solve much of the globulin, at higher concentrations dissolve less, and 
at still higher concentrations dissolve none at all, so that a solution 
of the globulin prepared with a dilute solution of such a salt, is 
completely precipitated by adding crystals of the salt, until the con 
centration is raised to a certain degree, Ammonium sulphate pre- 
cipitates all proteins, except peptones, when introduced into their 
s@lutions to complete saturation, and precipitates many when intro- 
duced up to a certain definite degree of concentration, which has 
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been considered to be characteristic for each. In consequence of 
this property, the separation of some of the different proteins has 
been effected, and the limits of concentration between which this 
precipitation begins and is completed have been established for 
them. The behavior of most of the globulins toward saturated solu- 
tions of magnesium sulphate, sodium sulphate, and sodium chloride 
has also been determined and recorded. Nothing, however, is known 
of the nature of the process by which the salt effects solution of the 
protein, and the subject, though it has frequently attracted attention, 
has been but little studied. 

Pauli! states that non-electrolytes, such as sugar and urea, have 
no solvent action on globulins, and supposes that electrolytes effect 
solution by the union of the two ions of the salt with different parts 
of the protein molecule, thereby forming a soluble compound. 
Cohnheim ? remarks on this view that the fact that the globulin is 
precipitated by dilution from its saline solutions, whereby no diminu- 
tion of its ions occurs, is not thus accounted for. This criticism of 
Cohnheim’s, however, is not applicable, for although it is true that 
the actual number of ions is increased by dilution, their cencentration 
is greatly diminished, a fact which may have much to do with the 
precipitation. 

Furthermore, the power to dissolve globulin at neutral reaction 
is not limited to electrolytes, as Pauli supposes, for Ramsden ®* 
has recently shown that concentrated solutions of urea have a power- 
ful solvent action on many kinds of proteins, including globulins, and 
alcohol has long been known to be an energetic solvent for many of 
the proteins of the cereals. We have been able to confirm Ramsden’s 
observation with edestin, which at once yields a perfectly clear and 
bright solution when treated with a concentrated solution of urea. 

Starke * has stated that alkaline reaction given by a small quantity 
of sodium hydroxide was stronger in a sodium chloride solution than 
in an equal volume of pure water, and to this he attributed the solvent 
action of salts upon the globulin which he supposes is brought into 
solution as an alkaline compound. He, however, considered only the 
globulins of animal origin, which, in nature, occur in solutions 
alkaline towards litmus. 


! Pautt: Archiv fiir die gesammte Physiologie, 1899, Ixxviii, p. 315. 

* COHNHEIM: Die Eiweisskorper, Braunschwieg, 1900, 150. 

%’ RAMSDEN: Journal of physiology, 1902, xxviii, p. xxiii. 

4 STARKE: Zeitschrift fiir Biologie, 1g00, xl, p. 419, and Igo1, xlii, p. 187. 
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In the seeds of plants are found large quantities of protein sub- 
stance, which, as we have already stated, show in a marked degree 
the properties characteristic of globulin. These can be obtained by 
treating the ground seeds with solutions of pure, neutral sodium 
chloride, in which they dissolve with a distinct acid reaction towards 
litmus. By dialysis or dilution the plant globulins are precipitated, 


and, after washing and re-dissolving in neutral salt solution, yield a 


solution which reacts decidedly acid with litmus, and more so with 
phenolphthalein. 

Such globulin solutions certainly do oft contain an alkali-protein 
compound, but, as the writer has shown, an acid compound of the 
globulin, ¢., a_protein salt.! 

When dissolved in neutral sodium chloride solution, and precipitated 
by carbonic acid, edestine separates as chloride, and a corresponding 
amount of sodium carbonate remains in solution.* In this case the 
globulin does not combine with the positive ion, but with the negative, 
as would be expected from the now recognized basic properties of the 
protein molecule. 

Furthermore, edestin, dissolved in water with a minimal quantity 
of alkali, forms a solution which is abundantly precipitated by minute 
quantities of sodium chloride, in just the same way as solutions simi 
larly made with acid are precipitated, the precipitate in each case 
being dissolved by a larger proportion of salt. 

Starke lays much stress on the supposed fact that alkaline solutions 
of globulin are not thus precipitated, but this is certainly not true in 
the case of edestin. He also considers that the product which is 
obtained by precipitating globulin from saline solutions by carbonic 
acid, dilution or by dialysis, and which is then no longer soluble in 
saline solutions, is a/kalt-free protein, which, before precipitation was 
held in solution as an alkali compound. His ground for this opinion 
is that this product becomes soluble in sodium chloride solution after 
treating with dilute sodium carbonate solution. It seems to us more 
probable that this substance is a product similar to the edestan which 
one of us has shown to be formed from edestin by hydrolysis,® and 
which is much less soluble in the various solvents than the original 
globulin. 
! Osporne: Zeitschrift fur physiologische Chemie, 1got 

2 OSBORNE: This journal, v, p 180. 

OSBORNE: Report of the Connecticut Agricultural Ex, 
1900, p. 388; Zeitschrift fiir physiologische Chemie, xxxiii, p 
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However true Starke’s observations may be for the special cases 
which he examined, his conclusions certainly have no such wide appli- 
cation as he supposed. 

As no one, so far as we know, has ever attempted to study the 
solubility of a globulin quantitatively, we give in the following pages 
the results of some experiments in this direction, made with the 
globulin ¢destin, which seem to afford a starting point for a further 
study of this question of such physiological interest and importance. 

Edestin from the hemp-seed was chosen for these experiments 
because it is readily prepared in a pure crystalline state, is wholly in- 
soluble in water, and forms definite crystalline salts with mineral acids 
which the writer has extensively studied, and of which the properties 
and composition are already ascertained. 

The plan of the experiments was to suspend in a glass stoppered 
bottle 2 gm. of the air dry preparation, in water enough to make 
just 20 c.c. with the quantity of molar salt solution which was after- 
wards added. After agitating the mixture for some time at 20’, the 
undissolved globulin was allowed to settle, and then 10 c.c. of the 
clear solution drawn out with a pipette, its nitrogen content deter- 
mined, and from this the amount of dissolved edestin was calculated. 
A series of determinations was made, using successively larger quan- 
tities of the molar salt solution, and correspondingly less water, so 
that the number of molecules of the salt in each 20 c.c. portion was 
successively greater. In every case the amount of edestin was in 
decided excess of that dissolved, so that as nearly complete saturation 
of the solution as was possible, under the conditions of the experiment, 
was attained. 

Although the results obtained in many instances show wide nu- 
merical differences, when judged by the usual standards of accuracy 
of chemical or physical determinations, they nevertheless are suffi- 
ciently accordant to afford a valuable comparison between the differ- 
ent classes of salts, and for the first time give us an opportunity of 
stating approximately their relative solvent power. 

The minor differences indicated by the solubility are, without doubt, 
due to experimental errors, since it was not possible for us to so con- 
trol the conditions as to wholly eliminate the influence of several dis- 
turbing factors. 

One of these was the difficulty of completely saturating the solution 
with edestin, but we think that, in general, very nearly complete satu- 
ration was attained, because the edestin preparations were extremely 
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fine, dusty powders, composed entirely of microscopic crystals, which 
could be uniformly suspended in water, so that, after adding the salt 
solution and agitating for a short time, almost, if not quite, complete 
saturation soon resulted. That solution takes place almost immedi- 
ately was shown by the fact that when enough of the salt solution 
was used to dissolve all but a very small part of the edestin, all except 
this latter dissolved at once, and the amount of undissolved edestin 
did not visibly diminish on longer shaking. In fact, solution takes 
place so rapidly as to indicate an ionic reaction. The uniform, very 
fine division of the substance in the minute microscopic crystals, each 
separately suspended in water, would, however, undoubtedly lead to 
very rapid solution. 

Another difficulty was presented by the fact that the solutions 
could not be filtered, as, when saturated with the globulin, they were 
very sensitive, being rendered turbid by passing through a filter of 
even the purest paper. It was necessary, therefore, to draw off one- 
half of the solution with a pipette, after the undissolved edestin 
had settled, and it was not always possible to do this without dis- 
turbing the deposit. However, it rarely happened that more than 
insignificant quantities of the insoluble matter were drawn off with 
the solution. 

Another source of error lay in the necessity of determining the 
amount of dissolved edestin from the nitrogen content of one-half of 
the solution, whereby any error in the nitrogen determination when 
expressed in terms of edestin was multiplied by ten. 

Variations in the temperature of the solutions caused differences 
in the amount of edestin dissolved, but no serious error in out 
experiments resulted from this cause, as we found that variations 
of even two or three degrees did not seriously affect the result, 
and the temperature was easily kept constant well within these 
limits. 

That these difficulties did not wholly destroy the value of the ex- 
periments is shown by the approximate regularity of the curves repre- 
senting the solubility of the edestin in the several salt solutions, as 
well as the fair agreement between those made with the same or 
chemically similar salts. 

This is illustrated by the curves given in Figs, in which the re- 
sults of determinations at 20° and 25” may be compared, and also the 


agreement between duplicate determinations made with sodium chlo 


ride solutions with the same as well as with different preparations of 
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edestin, the number given with each line indicating the preparation 
used. From this figure it is evident that an increase of 5° in the 
temperature causes a distinct increase in solubility, but the amount 
of this increase is such that the error caused by unavoidable differ- 


FIGURE l. 


ences in the temperature is not sufficient to materially affect the 
results. There appears to be too little difference in the solubility of 
different preparations of edestin to interfere with a comparison of the 


solvent effect of the different salts. 
The writer has shown! that edestin with very small quantities of 


1 OsBORNE: Zeitschrift fiir physiologische Chemie, 1901, xxxiii, p. 240; also 
Journal of the American Chemical Society, 1902, xxiv, p. 39. 


. 
Grams % 
> 
2.0 8 = 
S 
=2s 
18 = & 
; i / 
1.2 i # / 
A 
U.S a / 
k 
¢ 
).6 
wet , 
/ A 
Me 
0.2 
¥ 
\ 
: 0 2 4 6 8 10 12 14 16 18 20 
cc. 
{ 
' 


The Solubility of Globulin in Salt Solution. 157 


acid forms salts which, though crystallizing in the same form as the 
free edestin, differ from each other in their solubilities. We have, 


Grams 


2.0 


a 
3 
c 


FIGURE 2 


therefore, determined the solubility of such salts of edestin in normal 


sodium chloride solution at 25° with the results given in Fig. 2, from 


which it is evident that while the amount of combined acid present in 
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the monochloride of edestin has but little effect on the solubility of 
this globulin in sodium chloride solution, that combined in the bichlo- 
ride and the sulphate decreases the solubility to a very marked extent. 

In the experiments next to be described we have, therefore, always 
used very carefully prepared edestin which had been repeatedly re- 
crystallized from warm solutions of pure sodium chloride, and finally 
from one made perfectly neutral to phenolphthalein by the addition 
of a calculated quantity of decinormal sodium hydroxide solution, 
diluted with a very large quantity of water; after thus neutralizing, 
the edestin was carefully protected from the carbonic acid of the air 
until it had been thoroughly dehydrated with absolute alcohol. The 
preparations were made exactly according to the description given by 
the writer in the paper just referred to.! 


SOLUBILITY OF EDESTIN IN SOLUTIONS OF CHLORIDES, 


The solutions used contained as many grams of the salt in 1 
litre as there are units in its molecular weight, that is, the solutions 
of the chlorides of the monovalent bases were normal, those of the 
divalent bases twice normal, the object of the experiment being to 
compare the solvent power of the salts molecule for molecule. 

Fig. 3 shows the results of experiments with such solutions 
made at 20°. The chlorides of the monovalent bases sodium, potas- 
sium, and czsium? have very nearly the same solvent power as 
one another, which is only one-half that of the divalent bases barium, 
strontium, calcium, and magnesium, that is, the solubility is independ- 
ent of the nature of the base, and proportioned to the chlorine atoms. 
To this generalization, however, there is one striking exception, 
namely, lithium chloride, which has a much lower solvent power 
than that of the other monovalent chlorides. No explanation of the 
anomalous behavior of this chloride has as yet been discovered. 


SOLUBILITY OF EDESTIN IN SOLUTIONS OF SULPHATES. 


Fig. 4 gives the results of experiments with solutions of sulphates 
from which it is evident that for most of these salts the solubility is 
nearly the same as in solutions of the corresponding chlorides. 


' OsBoRNE: Zeitschrift fur physiologische Chemie, gol, xxxiii, p. 265 ; and 
Journal of the American Chemical Society, 1902, xxiv, p. 58. 

2 We are indebted to Prof. H. L. WELLS of Yale University for a large quantity 
of extremely pure cesium chloride, for which we wish here to express our thanks. 
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It is well known that sodium sulphate precipitates most protein sub 
stances when introduced intotheir solutions in sufficient quantity. This 
precipitating effect is well seen in the curve given for this salt, which 
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shows that while a half molar solution dissolves the edestin as freely as 
any other salt, under similar conditions, a full molar solution dissolves 
scarcely any. With potassium sulphate the same effect is noticed, but 
owing to the limited solubility of this sulphate, actual precipitation does 
not take place. In experimenting with this salt we used a saturated 
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solution, and calculated the amount of salt present to the corresponding 
quantity of a molar solution. It is to be noted that the curve with 
potassium sulphate is extended beyond 14.5 c.c., which corresponds to 
a saturated solution of this salt. This extension was effected by 
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FIGURE 4. 


using a solution containing an equal number of molecules of potassium 
and sodium sulphate. With this solution the curve follows very nearly 
the same course as followed by solutions of sodium sulphate of equal 
molecular concentration, so that it would seem to be true that potas- 
sium sulphate would have the same precipitating power as sodium 
sulphate were it sufficiently soluble in water. The curve for 
lithium sulphate follows those of potassium and sodium sulphate very 
closely indeed until the latter begin to fall. With lithium sulphate, 
however, the amount of dissolved edestin remained practically constant 
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with increasing concentration of the salt solution, and no evidence 
of diminishing solubility appeared. 

Magnesium sulphate is commonly considered to precipitate 
lins, when added to their solutions in sufficient amount, but thi 
not the case with edestin and many other vegetable globulins, whi 
nevertheless are to be considered true globulins, if insolubilit 
water and ready solubility in solutions of neutral salts is to be t 
as the essential characteristic of this class of substances. ‘The 
of precipitating effect of magnesium sulphate is shown by the line 
given for this salt in Fig. 4, which follows the same course as that 
taken by solutions of the chlorides of divalent bases. 


SOLUBILITY OF EDESTIN IN SOLUTIONS OF BROMIDES AND IODIDES 


ig. 5 gives the results of experiments with these salts, from 
which it appears that solutions of sodium and potassium iodide have 
each the same solvent effect, which is much greater than that of 
solutions of the bromides of the same molecular concentration, and 
slightly greater than that of the chlorides of divalent bases. Both 
sodium and potassium bromide show nearly the same solvent power, 
which is considerably higher than that of corresponding solutions ol 


h prac 


than 


the chlorides. The bromides of barium and calcium have ea: 
tically the same solvent power, but this is only a little greater 
that of the bromides of the monovalent bases, and distinctly less than 
that of the chlorides of the divalent bases or of the sulphates. 
Lithium bromide, like lithium chloride, has less solvent power than 
the corresponding solutions of sodium and potassium bromide, but 
the same solvent power as solutions of sodium chloride of the 


same molecular concentration. 


SOLUBILITY OF EDESTIN IN SOLUTIONS OF A STRONG Bast 
A WEAK ACID, AND OF A STRONG ACID WITH A WEAK Basi 


The solutions already described have contained salts which are 
perfectly neutral to phenolphthalein. Fig. 6 shows that the sol 


vent power of molar solutions of potassium chromate, sodium st 
phgte, and sodium thiosulphate is in the order named, and that all 
three are much more energetic solvents for edestin than any of the 
salts yet described. These three salts are hydrolytically dissociate 


with an alkaline reaction, and approach, in solvent power, sodi 
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carbonate, which has long been recognized as a powerful solvent for 
protein substances. If, on the other hand, we compare the solvent 
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power of manganese and ferrous sulphate, it is seen that these are 
less efficient than the sulphates of the strong bases, doubtless owing 
to a slight acidity of their solutions caused by hydrolytic dissociation. 
With manganese chloride solutions the results were complicated by 
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an alteration of the dissolved edestin which took place in the solutions 
f this salt. This alteration was 
> showing the sol 


containing the larger quantities of t 
accompanied by a change in the direction of the line 
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accumulated in notable amount on top of the deposit of undissolved 
edestin. This precipitate was found to be insoluble in sodium 
chloride solutions, and is doubtless cedestan, which the writer has 
shown ! to be rapidly formed from edestin under the action of small 
quantities of acids. With 7 c.c. only an insignificant amount of this 
substance was formed, even after standing for three hours. None of 
this insoluble product was observed in the solutions containing less 
than 7 c.c. of the manganese chloride solution, nor was a similar change 
detected in solutions made with manganese sulphate. 

That solutions of manganese and ferrous salts should thus dissolve 
edestin is surprising, for solutions of the chlorides and sulphates of 
the other heavy metals, so far as we have examined them, have no 
solvent effect whatever. The solutions of edestin produced by these 
manganese and ferrous salts appear to be of quite the same order as 
those yielded by the other salts described in this paper, since by dilu- 
tion the edestin is precipitated from them, apparently unchanged. 


SOLUBILITY OF EDESTIN IN SOLUTIONS OF ACETATES. 


Edestin behaves towards acetates in a wholly anomalous manner 
Solutions of sodium, potassium, or ammonium acetate, in every de- 
gree of concentration, dissolve none whatever, whereas the acetates 
of the alkaline earths have nearly the same solvent power as their 
chlorides, while magnesium acetate is distinctly less efficient than its 
chloride, or the acetates just named. The solvent powers of the 
acetates of barium, strontium, calcium, and magnesium are shown by 
Fig. 7 to be in the order named, that is, in the order of their 
molecular weights. Manganese acetate behaves like barium acetate, 
though its solvent power is much greater, as shown by Fig. 7. 
The experiments with this salt, however, are not satisfactory, owing 
to the difficulty of preparing a neutral solution of the acetate. The 
solution of the pure crystallized salt was distinctly acid to phenol- 
phthalein, and could not be made neutral without precipitating the 
manganese. The solution used was made with pure crystallized salt, 
and neutralized to /¢¢mus with a little sodium hydroxide solution. At 
this point the solution became somewhat darker colored, probably 
from the formation of a basic salt. 

The solution of edestin made with this solution of manganese 
acetate is precipitated by dilution with water. 


1 OSBORNE: Zeitschrift fiir physiologische Chemie, 1901, xxxiii, p. 225. 
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In contrast to their salts with strong mineral acids, which will be 
described later, the acetates of the metals, silver, lead, and copper, 
have very strong solvent properties, far exceeding any of the salts yet 
examined. The solvent power of each of these three acetates is the 


Grams 


Cu(CeHs0e)2 © 
Ag CeHs Oe 


to 
— 
Pb(C2HsQa)e * 


to 


FIGURE 7 


same, and closely approaches that of free hydrochloric or acetic acid, 
Solutions of these acetates are 


as described in a previous paper.! 
such active solvents that the actual experiments were made with one- 
tenth molar solutions in order to obtain acurate results. 

The metallic ion evidently combines with the edestin, as reactions 
for the free ions of these metals could not be obtained in the edestin 


1 OSBORNE: Zeitschrift fiir physiologische Chemie, 1901, xxxiii, p. 24 
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solutions made with these salts. Thus the solution of edestin by 
copper acetate has a deep blue color, as strong as that given by the 
corresponding quantity of copper acetate solution with ammonia. 

The solution by silver acetate gives a precipitate with a very little 
hydrochloric acid, soluble completely in a somewhat larger quantity, 
and under these conditions gives no silver chloride whatever. 

The solution in lead acetate, when dialyzed in distilled water until 
free from any excess of lead acetate, yields a clear transparent jelly 
when further dialyzed into alcohol. The ash of this jelly contains 
much lead, showing the metal to have been in combination with the 
edestin. 

Solutions of edestin made with these acetates behave like those 
made with pure acid. They are not precipitated by dilution with 
water, nor by a considerable quantity of alcohol, but with a very large 
excess of the latter yield voluminous transparent jellies. 

The addition of a little sodium chloride or sodium acetate solution 
gives a large precipitate, just as in a solution of edestin made with a 
little hydrochloric acid. Conversely, solutions of edestin in sodium 
chloride are precipitated by a little copper acetate solution just as by 
a free acid. 

The solution in lead acetate is alkaline to litmus, but distinctly acid 
to phenolphthalein, the acidity of the solution to this latter indicator 
being far greater than that of the acetate solution alone. Thus when 


4 


1 gm. of edestin was dissolved in 18.7 c.c. of water containing 1.3 


c.c. of 1/10 molar lead acetate solution, it was necessary to add 1.3 c.c. 
of decinormal potassium hydroxide solution in order to neutralize the 
acid reaction to phenolphthalein, while 0.1 c.c. was sufficient to give a 
strong red reaction with the same amount of the acetate solution 
alone. The edestin solution behaved as if one-half of the C,H,O, 
ions were present as free acid. In harmony with this the solubility 
of the edestin was the same as in a solution containing this amount 


of free acetic acid. 

In this connection it is interesting to note that the solvent power 
of silver acetate, with one-half as many C,H,O, ions, is the same as 
that of the copper and lead acetates. The solubility of the edestin in 
these metallic acetate solutions is of an entirely different order from 
that in the other salts already described, for a relatively large propor- 
tion of these other salts is required to dissolve corresponding quanti- 
ties of edestin, and from these solutions the edestin is precipitated 
unchanged by diluting with water. 
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Solutions of other metallic acetates, such as those of zinc and mer- 


cury, do not dissolve edestin, but like most other salts of the heavy 


metals, act just like a mixture of a neutral salt and free acid. By 
these the edestin is converted rapidly into a curdy mass, no longer 


soluble in saline solutions. 


SOLUBILITY OF EDESTIN IN AMMONIUM SALTS 


As these salts contain nitrogen, the amount of dissolved edestin 
cannot be determined from the nitrogen content of the solution. We 
have, however, found that the solubility in ammonium chloride solu- 
tion is practically the same as in sodium chloride, by comparing the 
undissolved residues which remain on treating the edestin with equi- 
molecular proportions of the two salts; moreover, ammonium acetate, 


like sodium acetate, does not dissolve any edestin at 20. 


SOLUBILITY OF EDESTIN IN SOLUTIONS OF NITRATES. 


By treating 2 gm. of edestin, air-dried, with different quantities 
of the molar solutions of the nitrates, together with water enough to 
make a total volume of 20 c.c., we found the quantity required to dis 
solve all but an insignificant amount of the protein. That this was 
the least amount required, was shown by the larger residue of undis 
solved edestin that remained when 1 c.c. less of the nitrate solution 
was used. The amount of edestin thus assumed to be dissolved was 
about 1.7 gm. To accomplish this result we found that 9 c.c. of a 
molar solution of potassium or sodium nitrates were necessary, and 
11 c.c. of strontium nitrate. 

The limited solubility of barium nitrate is such that only a little 
edestin is dissolved by a saturated solution at 20°, and no quantita 


tive experiments therefore were tried with this salt. 


SOLUBILITY OF EDESTIN IN SOLUTIONS OF METALLIC SALTS. 


Besides those metallic salts already described, we have tested the 


following, none of which dissolve the edestin, but convert it into a 


curdy mass, apparently behaving in the same way as a mixture of 
sodium chloride and hydrochloric acid : Copper, cadmium, chromium, 
cobalt, ferric and lead nitrates, mercuric, copper, aluminum, zinc, and 
cadmium chlorides, and zinc and copper sulphates. 

Ferric chloride behaves differently, as it dissolves edestin freely, 


the resulting solution not being precipitated by dilution, nor by much 
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alcohol, nor by an excess of ferric chloride. By a very little sodium 
chloride, the protein is precipitated from this solution. By a slight 
excess of hydrochloric acid, it is not, by a little more it is precipitated ; 
by still more the precipitate is redissolved, and by a larger quantity 
is again thrown down. This solution in ferric chloride behaves 
much like a solution in free acid. 


TABLE I. 


KSCN in AgSCN in 
25 parts water 25 parts water. 
9.93 6.69 
10.47 6.96 
16.54 9.33 
16.79 
17.68 
14.98 
12.05 
10.89 


10.66 


9.66 


The following note respecting the similarity of the solution of 
edestin in solutions of neutral salts with that of a mineral salt in 
solutions of other mineral salts has been kindly furnished by H. W. 
Foote, assistant professor of physical chemistry in Yale University, to 
whom we are also indebted for several helpful suggestions which he 


has made during the progress of this work. 

“ The solubility of edestin in salt solutions is not unlike the solu- 
bility of certain insoluble inorganic salts in solutions of other salts. 
In the latter case the solubility is due to the formation of one or 
more addition products, or complex salts in solution.. It seems not 
unreasonable to assume that addition products of the edestin and 
salt are also formed in solution, a suggestion which has already been 
made by Pauli.! 


! PauLt: Archiv fiir die gesammte Physiologie, 1899, Ixxviii, p. 315. 
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“ The solubility of silver thiocyanate in solutions of potassium thio- 
cyanate has previously been determined. ! 

“To show that the curves are not unlike some of those obtained for 
the solubility of edestin in salt solutions, the solubility results have 
been recalculated to give the parts of silver thiocyanate and of potas 
sium thiocyanate in twenty-five parts of water. The results are in 
Table+- The numbers in the first column refer to the corresponding 
results in the article as originally published. 

“These values are plotted in Fig. 8. Potassium thiocyanate is 
plotted as abscissa, corresponding to the salts used to dissolve edestin, 
and silver thiocyanate as ordinate, corresponding to the edestin. The 


AgSCN 


FIGURE 8 


form of the first part of the curve has not been directly determined, so 
it is indicated as a dotted line. That it is certainly concave as repre- 
sented is shown by the fact that silver thiocyanate is quantitatively 
insoluble in dilute potassium thiocyanate solutions. 

“The different parts of the curve show where different solids were 
present. Silver thiocyanate was present along the dotted line at the 
left, and potassium thiocyanate along that at the right. One double 
salt containing silver and potassium thiocyanate was present along 
each of the other two parts of the curve. 

“In the same way, along any of the curves which do not show a 
sharp break in the direction it is probable that either edestin or a 
compound with the salt is present in the solid form. Where a dis 
tinct change in the direction of the curve is found, as with the sul 
phates of sodium, lithium, and potassium, it is probable that a 


1H. W. Foote, American chemical journal, xxx, p. 330 (193) 
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different solid is present, perhaps a compound of edestin with the 
corresponding sulphate.” 


CONCLUSIONS. 


1. It is possible to determine quantitatively the solvent power 
of salt solutions on the globulin edestin with sufficient accuracy to 
obtain valuable information respecting the relative solvent powers 
of these salts. 

2. Two distinct forms of solution result where saline solutions are 
applied to edestin, one which requires the presence of a relatively 
considerable quantity of salt before notable quantities of the globulin 
dissolve, and from which the edestin is precipitated unchanged by di- 
lution with much water, as well as by the addition of small quantities 
of strong acids; the other, which is caused by relatively very small 
quantities of the salt, is not precipitated by dilution with water or by 
dialysis, nor by small quantities of acids, and from these solutions the 
edestin has not been separated unchanged, as the positive ion enters 
into combination with it. Solutions of the first kind are produced by 
neutral salts of strong bases with strong acids, those of the second 
kind by solutions of salts of weak bases, and therefore closely resemble 
solutions in pure acids. 

3. Saline solutions of edestin are strongly influenced by the pres- 
ence of minute quantities of other substances, especially bases and 
acids; hence, the statements here made apply only to pure edestin in 
solutions of the pure salts. 

4. The primary compound of edestin with acids, that is, the salts of 
edestin such as the chlorides and sulphates, are Jess soluble than the 
free edestin. 

5. Equal quantities of normal solutions of most salts of strong bases 
with strong acids have equal solvent power; those tested and found 
to follow this law were sodium, potassium, cesium, ammonium, 
barium, strontium, calcium, and magnesium chlorides, and sodium, 
potassium, lithium, and magnesium sulphates. Those found to be ex- 
ceptions were the nitrates of sodium, potassium, calcium, and stron- 
tium; the chloride of lithium, the bromides of sodium, potassium, 
barium, calcium, and lithium, and the iodides of sodium and potassium. 

6. The solubility of edestin in solutions of salts of strong bases 
with strong acids resembles the solubility of certain insoluble inor- 
ganic salts in solutions of other salts, in consequence of the formation 
of complex salts in solution. It seems reasonable, therefore, to assume 
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that soluble addition products of the globulin and salt are also formed, 


a suggestion which has already been made by Pauli. 

7. Salts of strong bases with weak acids have a greater solvent 
power than similar salts containing strong acids. The solvent power 
of such salts was found to be in the order named: Sodium carbo 
nate, potassium chromate, sodium sulphite, and sodium thiosulphate. 

Salts of weak bases with strong acids have alesser solvent power 
than similar salts with strong bases. The solvent power of such salts 
was in the following order: Manganese chloride, manganese sul 
phate, and ferrous sulphate. 

8. The behavior of edestin towards acetate solutions is anomalous. 

Although it is insoluble in solutions of potassium, sodium, or ammo 
nium acetate, it is nearly as soluble in solutions of barium, strontium, 
calcium, and magnesium acetates as in solutions of the chlorides of 
these latter bases. The solubility in solutions of these four acetates 
is in the order of their molecular weights. 

In solutions of silver, copper, and lead acetates it is nearly as solu 
ble as in solutions of free acid of corresponding concentration. The 
solutions made with these acetates closely resemble those made with 
acids. The positive ion enters into combination with the edestin, and 
no longer remains as a free ion in the solution. Acetates of zinc and 
mercury have no solvent action. 

g. Salts of the heavy metals combined with strong acids behave 
like a mixture of a neutral salt with free acid, as, for example, a mix- 
ture of sodium chloride and hydrochloric acid. Ferric chloride is an 
exception, behaving much like free hydrochloric acid. 
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ATIONS FROM THE NEW YORK STATI AN¢ 
H. R. GAYLORD, G. H. A. CLOWES, G. N. CALKINS 


ON THE RELATIONSHIP BETWEEN THE RATE 
OF GROWTH, AGE, AND POTASSIUM AND CALCIUM 
CONTENT OF MOUSE TUMORS (ADENO-CARCINOMA, 
JENSEN). 


CLOWES 


HIS communication deals with one phase of a general investiga- 


tion being carried out at the present time on the Jensen tumor 
mice by the staff of this laboratory. The original tumor from 


which this series has been derived was discovered and successfully 
transplanted through several generations of mice by Professor Jensen 


of Copenhagen, through whose courtesy a couple of mice were placed 


at the disposal of the staff of this laboratory in February, 1904. The 


mice were brought to Buffalo by Dr. Gaylord, the tumors removed, 


admixed with normal salt solution in the proportion of I: 3, and 


a couple of series of normal mice. 


to 


injected subcutaneously in 
} 


Several tumors developed in one of these batches and 


afforded 
material for further transplantation and experiment. 
Up to this time about 1600 mice have been employed in this labo 


Is the determination 


ratory in the experimental work directed towar« 
of the conditions influencing the development of these tumors. Ex 


cluding those which have been employed for experiments in which 
the use of filtration, high temperatures, chemicals, etc., previous to 
inoculation, might be expected to interfere with the normal develop- 
ment of the tumor, also those cases in which some type of infection 
or other accident led to the death of mice shortly after inoculation, it 


may be said that approximately 1100 mice have yielded about 


tumors, of which number over 300 have developed an 
death of the mice. 
The results of certain preliminary immunity experiments affording 


evidence of the existence in spontaneously recovered mice of force 
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antagonistic to the development of the tumors are to be found in the 
communications from this laboratory, Nos. 27, 28, and 31.! 

Previous to December, 1904, the number of tumors at our disposal 
was too small to permit of their being employed for the determination 
of mineral constituents, and experiments made with a view to isolat- 
ing and identifying certain organic constituents had to be abandoned 
for the time being, on account of the extremely small size of the 
tumors, which seldom reached 10 gm., most frequently weighing 
from 3 to 7 gm. at the time of the animal’s death. Recently, 
however, the yield of tumors has increased much more rapidly 
than was required for experimental purposes. Tumors of mice 
which die or which show a leucocyte count over 18,000 are 
never employed for re-inoculation, and these tumors have afforded 
ample material for the chemical investigations which are the main 
object of this paper. 

A few analyses of human tumors have been published by Beebe, 
who was, however, compelled to make use of materials of various 
origins, which can scarcely be said to afford an accurate basis for 
comparison; for example, the ash of an angio-sarcoma of the leg 
being compared with that of a round-celled sarcoma of the shoulder. 
The author found that the former tumor showed signs of profound 
degeneration accompanied by a low potassium and a high calcium 
content, whilst the latter, without apparent degeneration, showed a 
high potassium and a low calcium content. Owing to the difficulty 
of comparing tumors of such diverse nature, generalizations as to 
age and potassium and calcium content are at least open to 
criticism, 

The mouse tumors with which we are dealing, on the other hand, 
offer particularly favorable opportunities for such a comparison, being 
easily controlled and examined under varying conditions of virulence, 


1 No. 27. Prelin vy report on the presence of an immune bod 


of mice spontaneously recovered from cancer (adeno-carcinoma, JENSEN) and th 


effect of this immune serum upon growing tumors in mice infected with the 


ul 


material. By Harvey R. GAyLorp, M.D., G. H. A. Clowes, Ph.D., and 
F. W. B.A. Medical News, January 


No. 28. Preliminary communication regarding an immune body caps 


~ 


inhibiting the development of cancer in mice (adeno-carcinoma, JENSEN). 
LOWES, Ph.D. Johns Hopkins Bulletin, Vol. XVI, No. 169, April, 


No. 31 Further evidence of immunity against cancer in mice after spontaneous 
recovery. By G. H. A. CLowes, Ph_D., and F. W. BAESLACK, M.A 


‘ 

i 

1905 

| 
| 
' 


Potassium and Calcium Content of Mouse Tumors. 


age, and necrosis. They present, however, one objection in th: 


are extremely small, the errors of working being thus accen 


In the course of the last six months 100 tumors have been analyze 
the sodium, potassium, and calcium being determined if present 
Magnesium has never been found in appreciable quantities 
(10 to 15) of these tumors should be excluded on account 
extremely small size, 1 to 2 gm. of material yielding, for example 
only 0.01 to 0.03 gm. of ash, a quantity too small to afford a 
able estimate of the potassium and calcium elements which s« 
exceeded 10 per cent of the total ash. In such cases, however, 
has frequently been possible to determine whether a 
stituent was absent or unrecognizable, present in traces only or in 
considerable quantities. All the results obtained have been recorded 
in tabular form, including full data regarding the mouse, the tumor, 
the origin of the latter, etc. in order to facilitate future reft 
(Tables II to X). 

An inspection of the tables shows that the amounts o 
and calcium are subject to most remarkable variations; 
growing, large tumors showing a marked tendency to a high potas 
sium and low calcium content, whilst the reverse is to be observed in 
the case of slow-growing tumors. This is so marked that in certain 
cases of very early tumors potassium only is to be recognized, whilst 


in the majority of old, necrotic tumors calcium only is present It 


will be seen, furthermore, that a steady fall from a high percentage 


~ 


of potassium in the younger to practically none in the older tumors 
is accompanied by a corresponding increase from no calcium in the 
younger, to a high percentage of calcium in the older, 
tumors (Tables III, VI, VII, VIII). 
To indicate clearly the relationship existing betw 
groups of tumors, a small family tree containing some of 
important series in which chemical analyses have been car 
is appended (see Table I). When a “lot” of mice is in 
receives an experimental number, and each individual 
that “lot” receives a letter and a characteristic mark 
recognition. Every few days each mouse is charted; 1] 
in the series of books provided for that purpose di 
are prepared, showing the head and the fore and hind leg 
a tumor is developing a life-size drawing is made, showing 
location. We are thus enabled to follow the development 


tumor with some accuracy and to form a fair estimate as 
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rapidity of its development. At death, the mouse plus tumor, and 
the tumor alone are weighed, and a portion of the latter is hardened 
for microscopical examination. 

There are four main groups from which the tumors used for 
analyses have been derived, Lots 101, 102, 105, and 106. Lots 101 
and 102 have an immediate common ancestor. All four lots have a 
common ancestor through Lot 2, in the Jensen mouse two genera- 
tions previously. To facilitate an examination of the figures, the 
analytical results have been arranged under the four individual 
groups designated above, dividing the members of the group into the 
original series and the first, second, third, and fourth generations. 

In the tables are given, first, the analytical number of the tumor for 
purposes of reference, followed by the experimental number and 
letter of the mouse. In the next column is the origin of the tumor, 
the immediate ancestor being first given, followed by preceding ances- 
tors until one of the four groups, IOI, 102, 105, or 106 is reached. This 
is followed by the date of inoculation; and the date on which the 
tumor had reached the size of a buckshot, having a diameter of fully 
1'%4to2m.m. The date of death or the date on which the animal 
was killed is then recorded. This is followed by the number of days 
which elapsed between the first appearance of the tumor and the date 
of death and the number of days from inoculation to death, the two 
different periods being given in order to demonstrate the relationship 
which obtained in some cases with one and in some cases with the 
other. This is followed by the weight of the mouse as a whole and 
the weight of the tumor, and the weight of the tumor material used 
for analysis in order that an estimate of the relative accuracy of such 


an analysis may be formed from the amount of materials employed for 


that purpose. The total weights of sodium, potassium, and calcium 
are then recorded, followed by the percentage of these elements in 
the original materials for analysis. 

In making use of these figures it must be borne in mind that in 
spite of the greatest precautions observed in analytical work, consid- 
erable variations necessarily occur in the amount of water in the 
materials used for analysis. Consequently it is always advisable to 
compare the amount of one element with the amount of another rather 
than the absolute quantities of each present in a given weight of 
tumor. In addition to these tables others have been prepared sup- 
plementing the figures recorded in the general tables, in which the 
total weights of the three bases, sodium, potassium, and calcium, have 
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been added and the percentage of each determined (Tables III, VI, 
VII, VIII). Whilst the analytical data in the majority of cases are 
obtained from single tumors, in one case (Table VII) the results 
from all tumors falling within given age periods are averaged, a 
method which affords a more accurate means of estimating the per- 
centage of potassium or calcium, since by this means a considerable 
error, introduced by the use of small tumors, is counteracted by the 
more reliable results obtained from the analyses of the larger tumors. 

The earliest offshoot from the original Lot 2 was Lot 106, and 
although the tumors from this lot were not analyzed, the descendants 
may well be considered first. In the first generation eight analyses 
are recorded, five of them in the family of 169 and one in Lot 5 (re- 
inoculation), all derived from 106 A, whilst the two remaining tumors 
are from Lot 176, inoculated from 106 B (see Table II). 

In the second generation eight analyses are recorded, three from 
Group 195, inoculated from 169 C; three from Groups 246, 247, and 
248, inoculated at a later date with 169 P, and two of Group 230, 
derived from 106 through 176 B. Generally speaking, the earliest 
members of the series show a preponderance of potassium and the 
later members a preponderance of calcium, and when the immedi- 
ately related tumors are considered in their respective groups, it will 
be seen, for example, that in the 19§ group a steady fall in potassium 
takes place, whilst in the derivatives of 169 P there is a rise in calcium. 
In the 230 groups, B, which died first, has a higher potassium and 
lower calcium content than A. One tumor only is given in the third 
generation of 106, and it will be seen to correspond fairly well with 
the members of the series from which it is derived. 

Lot 169 is dealt with independently in Table III. The total con- 
tent of the three bases, sodium, potassium, and calcium, is determined, 
and the percentage of potassium of this total is shown for each mem- 
ber. It will be seen that a steady fall takes place from 40 per cent 
in the first of the series to 6 per cent in the last. The most marked 
characteristic of this group is the very high percentage of potassium 
and the practical absence of calcium. One tumor only, 169 G, shows 
a weighable amount of calcium. In noting the fact that 169 O, which 
died long after 169 G, shows no calcium, whilst 169 G contains a cer- 
tain amount, it must be remarked that 169 O was killed whilst G 
died. In comparing the two tumors in the chart-book, 169 G is seen 
to have grown rapidly at first and to have become necrotic later, 
whilst 169 O grew very slowly and steadily at first, but extremely 
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rapidly in the course of the twenty days immediately preceding the 


date on which it was killed. 

We now pass on to the derivatives of Lot 101 in which the largest 
number of analyses are to be found (Tables IV and V). In the first 
generation four analyses only were completed, and unfortunately in 
one case the calcium was lost through accident. 

From a casual inspection of the table there would appear to be 


absolutely no relationship between the potassium and calcium con- 


TABLE III 


Group 169. 


it num 
tter 


ght of Na 
it of K 


Ist 


f 


0.0061 


0.0040) trace 0.0101 


0.0195 


0.0055 0.0250 22 


0.0] 22 


0.0041 trace 0.0163 25 


25 1649G | 34 +4 0.0165 0.0032 0.0016 0.0213 15 7.5 Grew rapidly at first, 
became necrotic later 

1690) 0.0156 0.0010) trace 0.0166 6 .. Grew slowly at first, 
but extremely rapidly 

in last 20 days, and 


was killed whilst still 


developing. 


tent and the age of the tumor. This group, however, affords an 
interesting illustration of the possibility of rearranging the series 
according to the periods of development of the tumor from its first 
appearance to the death of the animal, instead of the full period from 
the date of inoculation to death. As a general rule these two 
periods bear a fairly constant relationship to one another, but in this 
particular group that is in no sense the case, the second, according 
to the general form of arrangement, becoming the last if we adopt the 
other method. 

y From the small supplementary Table VI it will be seen, summing 
the total bases and determining their respective percentages, that, 
grouping the tumors according to their absolute age, potassium falls 


steadily from 32 per cent to nil, whilst calcium rises from 9g to I5. 


13 169A 13 23 40 
15 | 169E | 15 | 25 | 
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Table IV also includes the second generation of Lot 101, consisting 
of two tumors, 161 O and 162 C, derived from Lot 128, and twelve 
tumors belonging to Groups 198 to 203, all of one family, obtained 


by inoculation from 150 B on February 28. This group, derived 


from 150 B, is one of the most interesting in the entire series, fifty 


mice inoculated having yielded upwards of twenty large, 

rapidly growing tumors. Whilst the twelve analyses recorded show 
a tendency to a steady decrease in potassium and a gradual rise in 
calcium, reaching very considerable proportions in the last two mem 


bers of the series, there is at first sight a lack of sti 


ABLI 


the results. When, however, it is remembered tha 


were killed, which appreciably interferes with the result 
certain of the tumors were rather small for an 
discrepancies may readily be accounted for. 

In order to reduce the experimental error to a minimum, we 
grouped all the mice dying within given periods, adding together the 


total weight of their tumors, the total sodium, potassium, and calciun 
content, and determining the potassium and calcium percentage of 
this total. In Table VII the results are recorded, and show « most 
remarkably steady fall from 23.7 per cent potassium in the twenty to 
thirty-five day period to nothing in the one hundred and ten to one 
hundred and thirty-five day period, whilst the calcium content rises 
steadily from 4.2 per cent in the former to 38.5 in the latter periods. 

Table V includes the third and fourth generation of Lot 101. In 
the third generation there is very little basis for comparison of the 
results. In the first two tumors the ratio of potassium over calcium 


falls slightly with increase in age. Of the four tumors derived from 
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150B through the 198 to 203 group, it will be seen that the three 
which take from thirty to forty days for development from the date 
of first appearance show potassium and about equal amounts of cal- 
cium, whilst the remaining member of the group, 225 A, in which 
the period of development was sixty-one days, shows no potassium 
and the highest amount of calcium. In the fourth generation of 101, 
also recorded on this sheet, is the most remarkable series of individ- 
ual tumors thus far encountered. <All seven members of this gener- 


ation were derived directly from 175 C and are, therefore, more strictly 


Age of Total | Per | Per | patio 
Experiment number tumors Wt.of Wt.of) Wt. of cent cel 
» ot ot K 
and letter. in day Na. K. Ca. of . 
ee bases. ‘ to Ca 
periods. k Ca 


199 G-198 G 0.0436 0.0145 | 0.0026 0.0607 


198 F-201 G-198 E-20]1 H 35-50 0.0660 0.0152 0.0047 0.0859 17.6 5.4 | 32 


50-65 0.0868 0.0063 0.0047 0.0975 6.4 +.7 | 1.4 


None 


203 A 0.0164 0.0008 0.0224 


None 


202 D 


110-125 0.0123 0.0077 0.0200 


comparable than is generally the case. <A steady fall in the potas- 


sium content is associated with an equally steady rise in the calcium 
content. This remarkable agreement is emphasized in the special 
Table VIII, in which the total bases are added together and the 
potassium and calcium percentage determined. It should be noted 
that 716 B was subjected to a treatment previous to analysis whereby 
a certain amount of potassium may have been lost. This tumor, 
although falling into the series, should therefore be excluded from 
any strict comparison. One member of the fifth generation of 101, 
No. 327 B, showed at the age of forty-seven days .117 per cent of 
calcium and no potassium. 

Table IX gives the results of analyses carried out on the tumors 
derived from 102. Only six mice have been used for this purpose in 
the three generations, and it will be seen at a glance that the same 
general relationship obtains as in previous cases. 
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Lot 105 and its derivatives, constituting the fourth 
group, are considered in Table X. Whilst five 
members of Lot 105 were carried out, two only have been included, 
the other three being amongst the first work of this nature carried 
out in the laboratory, and a certain amount of question existin 
their accuracy. It may, however, be said that in no case \ 
sium found to be present, although the ages of the tumors ran 


from 4 107 days. Calcium was present in considerable quanti- 


rABLE VIII 


0.0138 
0.011] 
0.0214 
0.0159 


0.015] 


ties in all five tumors. In the first generation two tumors analyzed 
show no potassium and a fair amount of calcium. In the second 
generation one small tumor shows potassium and 
days, no potassium and a large content of calcium. 
eration are five tumors, three of them derived from 
was utilized originally for a series of experiments it 
lence of the normal materials admixed with salt solution at 
temperatures, at 40 and at 45 , was compared. case the ma 
terials incubated fifteen minutes at 4o gave a yield of a larger num 
ber of more rapidly growing tumors than was obtained from the use 
of the normal material. 

This work will be the subject of another paper from this laboratory, 
and will not therefore be dealt with at this stage, but it should simply 


} 


be noted that the tumors in question made their appearance only 
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136 IS 0.0019 O.0007 0.0164 ] ) 14 
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twelve days after inoculation and grew with extreme rapidity, and 
when examined macroscopically appeared to be necrotic, especially 
the earliest members of the series. This may account for the practi- 
cal absence of potassium and the high calcium content of this group. 

In the fourth generation of 105 are seven tumors, five of them de- 
rived from 174 Gand one each from 174 Band 174 F. When this 
series is grouped collectively in definite periods, the same type of re- 
lationship is found to obtain as in previous cases, the only marked 
discrepancy being the absence of potassium in 322 C and 329 A, pre- 


ceding 233 A in actual age, but it must be noted that 233 A grew 
rapidly at the last stage, whilst 322 C and 329 A after a rapid early 
development were practically stationary, were commencing to ulcer 
ate and already becoming distinctly necrotic. 
To summarize the above analytical results, it may be said 

as a whole and also in individual groups, the most rapidly developing 
tumors which reach large dimensions in the course of a short time 
show a high potassium content and practically no calcium. The 
pathological examination of sections of such tumors, for example, 169 FE. 
and 5 in Table I and 199 G, 198 Gand 198 F in Table IV, shows 
rapidly growing cancer epithelium and relatively small indications of 
necrosis. These tumors contained from « .09 gram of potassium, 


an amount which is exceptional when the extremely small size of the 


tumors is considered. In contrast to the rapidly growing tumors, 


showing a high per cent of potassium, are the slow-growing tumors, 
many of them over one hundred days old, which generally contain 
‘+r .1 per cent of calcium and no potassium. Such, for example, are 

A and 202 D the two oldest tumors in the second generation of 
101, Lot 116, the oldest tumor in the fourth 


generation of 


and several tumors amongst the 105 derivatives. Such tumors 


not necessarily entirely necrotic. They generally contain a relativ 
large amount of connective tissue, but this question is one which will 
be the subject of further investigation in this laboratory 

A further consideration of the tables in detail shows that with 
tumors of relatively the same size, the age of the tumor, whether es- 
timated on the absolute basis or simply from the time it makes its 


first appearance, generally bears a certain ratio to the potassium 


> 


and calcium content, or the ratio of Ca" Thus, if the ratios of 
1 


are taken in such a group as 198 and 203, for example, in which 
both elements are present in all tumors with the exception of the 
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last, it is found that C falls gradually in value from 5.7 and 5.8 
a 


at the commencement to .15 and nil at the end of the series. This 
fact is most clearly illustrated in Table VII, where the ratio for the 
first period is 5.6, for the second period 3.2, for the third period 1.4, 
for the fourth period .15, and for the fifth period nothing. 

The admixture of small and large tumors is misleading, large tu- 
mors having a tendency to show a higher content of potassium than is 
to be expected at their period of development, small tumors showing 
a larger content of calcium. If, however, the relative proportions of 
these elements are functions of the rapidity of growth, this discrep- 
ancy will readily be explained when one realizes that although two 
tumors may, through toxic or other influences, cause the death of 
mice in the same period of time, if one is twice as large as the 
other, its rate of development has been considerably higher. In the 
few cases in which discrepancies occur, a reference to the chart- 
books generally affords an explanation. It happened, for example, 
that an old tumor showed a considerable amount of potassium. 
In such a case it was generally observed that the tumor in question 
had developed slowly at first but very rapidly in the last stages. On 
the other hand, when a large quantity of calcium is present in a 
young tumor, it is generally observed that the tumor in question 
grew rapidly at first, then remained stationary and became necrotic 
previous to the death of the mouse. 

In contrasting the descendants of the three main groups, 106, 101, 
and 105, it appears at first sight that the derivatives of 106, especially 
the 169 group, showa preponderance of potassium; that is to say, that 
at a given age and given size, and under otherwise comparable condi- 
tions, the members of this group appear to contain more potassium 
than do those of Group rot and 105. Group 105, at least in the early 
generations, shows in the same sense a high proportion of calcium, 
whilst Group 101, especially through the strain of 150, shows a more 
even balance of these two elements than is to be found in either of 
the other groups. 

The series of mice from 198 to 203, which, as was stated above, 
has yielded a higher proportion of large, rapidly growing tumors 
than any other series so far investigated, is most remarkable for the 
fact that with one exception every tumor of this series contains both 
potassium and calcium in appreciable quantities, the proportion of 
potassium to calcium obtained by adding together the total content 
of the twelve tumors being 3: 2. 
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In considering the results of transplantation from young tumors 
and old tumors, we made the observation early in the work, that 
even rapidly growing young tumors are not suitable for this pur- 
pose; rapidly growing, partially necrotic, older tumors giving better 
results. 

One of the most remarkable examples of a high calcium content in 
a young tumor is 174 F, which was killed twenty-eight days after in- 
oculation. This tumor appeared, however, from the very first to be 
necrotic, and on reinoculation produced similar, although less marked 


results in the next generation. 

In the course of these experiments six additional tumors were dried 
and extracted with chloroform in order to remove fatty bodies, and it 
is interesting to note that the potassium constituents were to a con- 
siderable extent dissolved by the extracting agent, whilst the calcium 
remained entirely in the residual portion. 

The potassium and calcium content in its relation to virulence. — 
Two series of experiments were carried out. In one series twelve 
tumors were used both for purposes of inoculation and also for chem- 
ical analysis. In the second series of experiments tumor materials 
from the same source were mixed, on the one hand with a potassium- 
chloride and on the other hand with a calcium-chloride solution, iso- 
tonic with normal salt solution, and used subsequently for injection. 

In the first series of experiments 198 F, 201 G, 198 E, and 198 B 
were employed on April 7 for inoculation. 198 F and 201 G, having a 
slightly higher proportion of potassium than 198 E, showed a higher 
proportion of tumors. This experiment can scarcely be considered 
conclusive on account of the small number of mice, five only being 
employed in each series. On April 14 four mice, 195 D, 169 O, 174 F, 
and 176 B were used for a similar purpose; but whilst the chemical 
analyses showed very considerable variations, the yield of tumors in 
each case was fairly comparable. Further experiments carried out 
on May 19, on 232 A, with a larger proportion of potassium than 
200 L, gave four tumors as against one in 200 L, eight mice being em- 
ployed in each case. These experiments are in no sense conclusive ; 
and it will be necessary to do a considerable amount of experimental 
work in this direction, on account of great variations shown in the 
relative virulence of different tumors. 

Experiments to determine the direct effects of isotonic solutions of 
potassium and calcium upon the development of tumors have been 
undertaken and are now under way. All that can be said at the 
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present time is that the mice inoculated and fed with potassium- 
holding materials appear to be more susceptible than those inoculated 
and fed with calcium material. No attempt has been made at present 
to draw conclusions based on the ionic theory, but it is interesting to 
note that the figures in the tables showing the ratio of potassium 
and calcium apply also to the ions of these elements, their relative 
atomic weights, 39 and 40, producing comparatively small change. 

It is not our purpose to speculate at present regarding the signifi- 
cance of the proportions of these elements in the tumors, and we are 
not disposed to attribute any direct influence to the potassium as 
such, but consider the potassium rather as a necessary element in 
active growth, and the calcium a result of necrosis. It must, how- 
ever, be borne in mind that calcium has been shown to exert an 
inhibiting influence upon potassium in a large variety of the physio- 
logical effects of this element. 

Considering the great length of time through which these tumors 
have been transplanted, it will be realized that an immense number 
of subdivisions of the original cell must have taken place. It is pos- 
sible that work similar to the above, carried out for a considerable 
period, may show evidence of an actual aging process and loss of the 
dividing-energy. We have already been led to suspect the existence 
of a form of periodicity in the virulence of the mouse tumors. There 
is a certain amount of evidence in the tables given above that the 
same may be said to exist as regards chemical composition. It is 
proposed to make careful observations regarding any indications of a 
rejuvenation process in its relationship to the varying chemical com- 
position of the tumor series. 


SUMMARY. 


It has been shown that rapidly growing, large tumors in mice con- 
tain a high percentage of potassium and little or no calcium; also 
that old, slowly growing, relatively necrotic tumors contain large 
amounts of calcium and little or no potassium. 

It has been observed that in groups of comparable mice the potas- 
sium and calcium content is a function of the age and rapidity of 
development of the tumor, discrepancies observed being frequently 
attributable to more rapid growth or degenerative processes already 
recorded in the diagram books. 

Certain groups appear to possess at given ages relatively larger 
proportions of potassium and others relatively larger proportions of 
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calcium; but the largest yield of tumors and the most rapid growth 
as represented by the unit of tumor produced per unit of mice in 
the unit of time, is apparently associated with an equilibrium in 
which both elements are present, the ratio averaging from 2:1 to 
3:2 in favor of potassium. 
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OBSERVATIONS ON THE FATE OF OIL INJECTED 
SUBCUTANEOUSLY. 


By YANDELL HENDERSON ann EDWARD FRANCIS CROFUTT 


[From the Physiological Laboratory of the Yale Med 


HE question whether or not a fat introduced under the skin is 

absorbed and utilized is of twofold importance. [ractically 
considered, such injections might afford a valuable method of combat- 
ing cachectic conditions. Theoretically, the subject is of interest for 
what it may show as to the mechanism of absorption from the spaces 
in the subcutaneous connective tissue, and the relation of these 
spaces to the lymphatics. If these spaces are directly connected 


with lymph channels, the injected fat (at least when introduced as an 


emulsion) might pass readily into the lymphatics, and so into the 
circulation. Again, the introduction of large quantities of neutral fat 
either as oil or in emulsion among the subcutaneous cells, which form 
adipose tissue whenever the state of nutrition permits, might be ex- 
pected to lead to a rapid importation of the fat into the interior of 
these cells. 

The most recent investigations on this subject are those of Win- 
ternitz.' The method employed by this investigator was to inject 
iodized fats subcutaneously and to estimate the rate of their utilization 
by determining the amount of iodine appearing as iodide in the urine. 
The conclusion reached by Winternitz was that, while in the course 
of time the injected fat is completely utilized, the process is exceed- 
ingly slow. Thus an injection of 500 gm. of fat was consumed at the 
rate of only 2 to 5 gm. per day. The fat disappeared rapidly from the 
point of injection, but if the autopsy were not too long delayed, could 
be found scattered through the subcutaneous spaces lower down. 

We believe the conclusions reached by Winternitz to be essentially 
correct. The investigations of v. Leube,? on the contrary (which 

1 WINTERNITZ, H.: Zeitschrift fiir klinische Medicin | 

2 Von LEuBE, W.: Sitzungsberichte der physikalisch-medicin n Gesellschaft 


zu Wiirzburg, 1895, p. 5. 
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preceded those of Winternitz), led him, through what seems to us a 
misinterpretation of their results, to the opposite conclusion, — that 
fat introduced into the system subcutaneously is readily utilized or 
stored as true adipose tissue. In one of v. Leube’s experiments a 
dog of 12.5 kilos weight was reduced in the course of two months on 
a diet of 250 gm. of fat free horse flesh to an emaciated condition 
and a weight of 10.75 kilos. During the succeeding two months 
3450 gm. of melted butter were injected. No local irritation was 
caused; the butter rapidly disappearing from the points of injection. 
Von Leube notes that the weight of the animal was increased by each 
injection to the amount of the weight of the butter introduced. One 
month after the last injection the animal was killed. ‘On cutting 
through the skin of the abdomen liquid butter exuded. . . . Under 
the superficial muscles butter was stored, in addition to being de- 
posited in the ordinary adipose tissue. The thickness of the layer of 
fat on the abdomen was 4.5 c.m., on the back 2.5 c.m. In the latter 
location no butter admixture could be discovered by macroscopic ex- 
amination.” The Reichert-Meissl figures obtained from the analyses 
of the fat from various localities indicated that “the belly fat con- 
sisted of practically pure butter. The largely increased fat on the 
back was approximately one-third butter, and the pericardial fat 
one-sixth. The kidney and mesenteric fat, however, did not differ 
appreciabiy from ordinary dog fat.” In a second experiment a small, 
poorly nourished dog of 4 kilos weight received 1590 c.c. (1400 gm.) 
of butter under the skin. After four months on a diet of fat-free 
horse flesh (at first 250 gm. daily, later 200 gm. and finally only 
150 gm.) the animal's weight had fallen again below 4 kilos. It was 
then killed and dissected. From the entire subcutaneous tissue only 
3 to 4 gm. of fat could be collected, from the mesentery and from 
about the kidneys and heart only 2 gm. The analyses indicated an 
admixture of only 0.5 gm. of butter in the former, while the latter 
was normal dog fat. Von Leube considers this experiment to show 
that fat subcutaneously injected can be utilized in metabolism. We 
admit that, given a sufficiently lengthy period of time, such is the 
case. Yet it seems to us that the chief significance of this experi- 
ment is that such fat is not available for the needs of the organism in 
any really important amounts. Even under the extreme conditions 
of the experiment the injected butter disappeared slowly. In the 
light of our experiments we believe that what v. Leube! seems to 


1 Von Leuse, W.: Ueber kunstliche Ernahrung, in v. LEYDEN’s Handbuch 
der Ernahrungstherapie (2d ed.), 1903, i, p. 396. 


| 


The Fate of Oil Injected Subcutancously. 195 


have accepted in the case of the first dog as true adipose tissue 
formed from the injected butter was in reality merely connective tissue 
impregnated with butter. Such tissue is so similar in appearance to 
real adipose tissue that we were saved from confusing them only by 
the fact that the fat which we employed (cotton seed oil) remained 
fluid even when the animal under autopsy had lost its warmth. We 
therefore observed that even the pressure of the fingers on such 
pseudo-adipose tissue caused the oil to run out of it as from a 
sponge. Butter, on the contrary, would be solidified at room tem- 
perature, and would not then be expressible from the meshes of the 
connective tissue.! 

Experiments. — In our investigations we employed cotton seed oil. 
This oil is easily distinguishable from dog fat by its bright yellow 
color, by remaining entirely fluid at ordinary temperatures, by its 
high iodine number (106 to 110), and by its characteristic and delicate 
reaction to Halphen’s test. 


Halphen’s test is performed as follows: Carbon disulphid, containing about 
1 per cent of sulphur in solution, is mixed with an equal volume of 
amyl alcohol. Equal volumes of this reagent and the oil under examina- 
tion are mixed, and heated in a bath of boiling brine for fifteen minutes. 
In the presence of as little as 1 per cent of cotton seed oil an orange or 
red color is produced, which is characteristic.” 

The oil which we used was a sample obtained from a dealer in oils who, 
in spite of the label which it bore, guaranteed it to be highly purified and 
unadulterated cotton seed oil. It was labelled “‘ Huile d’Olives, Sur- 
fine, Gras, Alpes Mmes.”’ Its reaction to Halphen’s test was entirely 
satisfactory. 

Before injection the oil was heated on a water bath while steam was 
bubbled through it for ten minutes. The skin at the point of injection 
(usually well up on the flank) was shaved, and cleansed with sublimate 
solution. The oil was injected warm through a large hypodermic needle 
connected with a burette. With the upper end of the burette was in turn 
connected a rubber bulb by means of which an air pressure could be 


exerted on the oil to hasten its otherwise slow flow through the needle. 


1 Further literature on this subject is reviewed in the paper of WINTERNITZ, 
and in that of v. LEuBE in v. LEypEN’s Handbuch. 

2 HALPHEN, G.: Journal de pharmacie et de chimie, 1897, vi, p. 390. Quoted 
from United States Department of Agriculture, Bureau of Chemistry, 1g02, Bul 
letin No. 65, p. 32. 

For review of recent literature on this subject see EMMETT and GRINDLEY 
Journal of the American Chemical Society, 1905, xxvii, p. 263. 
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Our observations were directed to the following points: 
1. The reaction of the skin and subcutaneous tissue to the injec- 
tion of fat as oil, as soda emulsion, and as acacia emulsion; and the 


movement of the oil under the skin. 
2. The detection of the oil in the blood and lymph, as should be 


possible were it absorbed in appreciable quantities. 

3. The influence of large quantities of oil in the subcutaneous 
spaces in sparing proteid metabolism. 

4. The possible elimination of the oil through the skin, urine or 
fzeces. 

5. The appearance of the oil in the milk. 

Befo?e turning to our protocols we would state that it was never 
necessary to tie the animals during the injection. Indeed the intro- 
duction of even large quantities of oil appeared to cause no pain 
whatever, for it was noted that at the end of the operation the ani- 
mals usually neglected to lick the affected spot. In no case was 
there the slightest sign of irritation or infection either at the point of 
injection or elsewhere. The hole made by the needle closed slowly, 
however, being frequently found open on the day following. 


Experiment 1. January 26. Dog, 8 kilos. Injected in the right flank 15 c.c. 
cotton seed oil. No tumor formed, the oil spreading easily under the skin. 
January 27. Point of injection examined. No secondary reaction, 
except a soft elastic feeling. No tumor, the oil of yesterday having disap- 
peared ; 15 c.c. injected at the same spot. <A small tumor formed. 

January 28. No perceptible tumor ; 25 c.c. injected, forming a tumor 
5 cm. in diameter. 

January 29. No tumor; 50 c.c. oil injected at the same spot as here- 
tofore. In flow unresisted, although a tumor covering a considerable area 
was formed 

January 30. No tumor; 85 c.c. of oil injected. 

January 31. No tumor; go c.c. of oil injected. 

February 1. Up to this date we supposed that the rapid disappearance 
of the oil from the point of injection was due to its absorption ; and we 
marvelled at the rapidity of the process. On closer examination, how- 
ever, a large tumor was discovered on the lower part of the abdomen, 
and extending along the groin and down the inside of the thigh. For 
the purposes of another experiment the animal was killed. On making 
a superficial incision over the tumor clear yellow oil flowed out freely. 
A large piece of the oil-infiltrated tissue was dissected out. After work- 
ing it between the fingers for a few minutes there only remained a little 


wisp of connective tissue. 
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Experiment 2.—Cat. After allowing the animal to fast for three days ° 
of oil were injected as in previous experiment. Next day the thoracic 
duct was exposed (under chloroform). The extremely small size to 
which the duct was contracted rendered the insertion of a cannula impos 
sible. A couple of drops of lymph were however obtained. It was typi 
cal hunger lymph, and under the microscope was seen to be entirely free 
from fat globules. A sample of blood was drawn from the femoral artery 
and centrifugalized. No trace of oil could be detected’in the serum with 
the naked eye or microscopically. The ether extract of this blood gave 
no reaction with Halphen’s test. On autopsy oil was found well diffused 
under the skin on the side injected, below the point of introduction, but 
nowhere else. 

Experiment 3.—Cat. After a three days’ fast injected 20 c.c. of : per cent 
soda emulsion (10 c.c. oil, 10 c.c. water, and a drop of sodium hydrate 
solution). Next day anaesthetized, exposed thoracic duct, and succeeded 
with difficulty in obtaining a few drops of lymph. It was clear, colorless, 
and contained no trace of oil. ‘The blood was likewise free from oil. 
On autopsy it was found that the soluble constituents of the emulsion had 
been absorbed, leaving the injected fat diffused through the connective 
tissue as oil. Several cubic centimetres of the clear yellow oil were 
pressed out with the fingers. 


Experiment 4. —Small dog 


g, on a diet of dog biscuit. Injected dail 


successive days 50 c.c. soda emulsion (in all 300 cc. containing 15 

of oil). On the seventh day the animal was killed for another purpose. 
On cutting through the skin of the abdomen below the point of injection 
33 c-c. of oil were expressed. ‘The connective tissue in the neighbor 
hood was dissected out and placed in a bag of cheese cloth. When 
this bag was squeezed between the fingers another 35-5 ©. of oil 
exuded, — or 68.5 c.c. in all. 


Experiment 5.—-Small dog. Injected acacia emulsion on three successive 


days,— in all 120 c.c. containing 


48 c.c. of oil. This usion Was 


taken up by the connective tissue only slowly and with ity. On 


autopsy the day after the last injection, the water of the emulsion had 


entirely disappeared, leaving only the clear oil diffused 
Recovered 25 c.c. 
Experiment 6. Small dog. Injected clear oil for three days, in 


On autopsy recovered 95 c.c. 


These experiments will serve to show the remarkable readiness 
with which the subcutaneous connective tissue imbibes oil. Notable 
also is the rapid spread of the oil, and the influence of gravity on its 
movement. Emulsions, on the contrary, are imbibed with difficulty. 
The soluble portion of the emulsion is absorbed. Thereafter the oil 


er tie skin. 
all 140 C.C. 
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which remains oozes through the connective tissue precisely as if it 
had been introduced in this form. The amounts recoverable in the 
neighborhood of the point of injection are practically the same under 
both conditions. More careful dissections and extractions of areas 
remote from the point of injection would, we believe, have made good 
nearly all of the deficiency between the oil injected and the amount 
recovered.! In.no case was the slightest trace of foreign oil discover- 
able in the lymph or blood. This seems to indicate that even in hun- 
ger an animal can draw on the large food supply introduced under its 
skin to only a very small extent. Yet if the connection between the 
lymphatics and the subcutaneous spaces is as direct as is usually sup- 
posed, the opposite result might have been expected. These consid- 
erations, taken in connection with the experiments detailed below, seem 
to indicate that the oil is absorbed and transported, not in a state of 
emulsion, but in some form of solution. 

Influence on metabolism. — In order to test the influence which oil 
injections might exert in assisting nutrition in an animal on an in- 
sufficient diet, and to determine also the maximum rate of utilization 
under extreme conditions, the following experiment was performed : 


Ajbull-terrier bitch of 7.8 kilos weight, well nourished but not fat, was kept for 
two weeks on a daily diet of 200 gm. of lean beef. The animal was 
then placed in a cage, and fed on lean beef of weighted amount, in which 
the nitrogen content had been determined by the Kjeldahl method. The 
urine was collected each morning at the same hour by catheterization and 
analyzed by the Kjeldahl method. As only the general trend of the 
nitrogen metabolism is pertinent to our problem, these data, together with 
the quantities of oil injected, and other details, are summarized in the 
accompanying table. The body weight quoted is that on the first day of 
each period. The figures for nitrogen express the average daily amounts 
for each period. 

As set forth in the table, ro8o0 c.c. of oil were introduced under the 
skin along the back. The presence of this large quantity of food material 
assisted the daily diet so little, however, that the animal rapidly became 
asthenic. Indeed, so far from diminishing the waste of tissue proteids, 
the days on which oil was injected showed an increase in the minus bal- 
ance between nitrogen income and output.? To avoid the risk of the 


1 Similar observations on the rapid dissemination but slow absorption of gel- 
atin solutions have been reported by KApost: Mittheilungen aus der Grenz- 
Gebieten der Medizin und Chirurgie, 1905, xiii, p. 391. 

2 A similar observation has been reported by E. Koti, who has worked on 
this problem under v. LEuBE and reached conclusions in conformity with the 
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animal dying prematurely, the daily ration was accordingly raised 


200 to 400 gm. of meat. Fora time the strength of the animal was 


restored. Yet even on this diet the dog continued to show a steady and 


considerable loss of nitrogen, and before the end of the experiment had 


again grown very weak. At this time it presented a most peculiar appeat 


ance. At first glance the animal appeared very fat or rather bloated, 


Periods. ly N in N in 
Days. eigh l meat urine 


grams grams 
l4 200 


5 


Weight of air-dry faces for fifty-four days was 105 gm 


especially on the abdomen and legs. The back, neck, and face were, on 


the other hand, emaciated to an extreme « 


gree. In this connection it is 
further to be noted that during the last month of the experiment, in spite 
of the heavy loss of nitrogen (44.5 gm. ), and a considerable diminution 
in the subcutaneous oil, body weight was only slightly reduced. Such a 
retention of water by the tissues as is indicated by these observations is 
well recognized as a frequent occurrence in conditions of slow starvation. 

On the day following the last period shown in the table, the animal 
was killed by bleeding. The blood was free from oil globules. The ether 
extract of a large quantity of serum did not yield Halphen’s test. 

An incision was carried from the nose along the mid-dorsal line to the 
tip of the tail; and from this line downward the animal was carefully 
skinned. The subcutaneous tissue was found to be saturated with oil, 


and was so far as possible removed entire. In some places nodular sacs 


views of the latter. Die subcutane Fetternahrung. Habilitationsschrift, Wirz- 
burg, 1897. Quoted from v. LEYDEN’s Handbuch, /oc. cét., p. 397. 
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of cyst-like appearance were found. On incision several cubic centimetres 
of clear oil flowed out of these cysts, and were carefully collected. The 
subcutaneous tissue was then squeezed in a small hand-press, and rinsed 
twice in naphtha. The hypertrophied connective tissue which remained 
resembled coarse cotton wool, and so far as a careful examination revealed, 
was wholly free from true adipose tissue. Indeed in the entire subcuta- 
neous area not a particle of adipose tissue was discoverable, except in the 
labia majora. 

The total quantity of oil recovered amounted to 540 c.c. As the 
specific gravity of the injected oil was g1g, the figures indicate that 452 
gm. of the injected oil had disappeared in thirty-five days, or about 13 
gm. per day. 

When the abdomen was opened one small cyst of oil was found located 
extra-peritoneally on the dorsal wall. It was presumably due to an un- 
usually deep injection. Otherwise the abdominal cavity was entirely 
normal in appearance. From the omentum and from about the kidneys 
12 gm. of true adipose tissue were obtained. ‘The fat of this tissue was 
tried out by the ordinary method. It was not obtainable by the procedure 
applied to the subcutaneous tissue. This fat was, we believe, wholly free 
from any mechanical admixture with the injected oil, yet it gave a distinct 
reaction (a bright cherry-red color) to Halphen’s test. The fat extracted 
from the labia majora likewise gave a distinct reaction. 

During this experiment the idea occurred to us that the disappearance 


of the oil from the subcutaneous spaces might be partially di 


1e to its 
exuding from the surface of the skin. It was noticed that the skin of 
the animal became distinctly greasy, even within a few days after a bath. 
Accordingly the skin over an oil cyst in the groin was shaved, and then 
wiped off daily with cotton wool moistened with naphtha. From an 
extract of this cotton a positive test was obtained with Halphen’s reagent. 
There was, however, no indication that the amount of oil exuded was at 
all considerable. 


The most striking feature in this experiment is that even after the 
subcutaneous spaces had remained saturated with oil for thirty-five 
days, no formation of true adipose tissue had occurred. Yet in the 
peritoneal fat at the end of this period, the peculiar constituent of 
cotton seed oil was distinctly recognizable. Are we to conclude from 
these observations, that the failure to find adipose tissue under the 
skin is due, not to a lack of formation of such tissue, but to its being 
utilized in metabolism as rapidly as formed? Or, on the other hand, 
are we to infer that only such fat can be stored within the living 
cells or utilized for the body’s needs, as has been absorbed into the 
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blood and distributed in normal fashion throughout the system? Of 
the two suppositions, the latter seems to us the more probable. 

The difference between the weight of oil injected and that re- 
covered, indicates (since oil did not appear in the urine or faces, 
and was exuded from the skin in small amounts only) that it was 
utilized to the extent of a maximum of 13 gm. per day. This figure is 
higher than that obtained by Winternitz, or even than that calculable 


HALPHEN’S 
reaction 


Preliminary pe 
Injected 50 cx 
Subseque nt pet 


Fed 50 cx 


from v. Leube’s experiments. Yet, taking the experiment as a whole, 
the significance of the figures for the fat consumption and for the 
nitrogen balance seems to us to be that the animal was unable to 
draw on the immense store of food material in its subcutaneous spaces 
to an extent sufficient to prevent a steady and considerable deficiency 
between the income of the diet and the body’s expenditures. 

Influence on milk. As it is well known that the fats of the food 
readily appear in the milk,! it seemed of interest to learn whether oil 
introduced under the skin of an animal in lactation could be de- 
tected in the milk. To determine this point, this experiment was 
performed : 


A small bitch in lactation was obtained. ‘The animal we 
had five puppies which were about two weeks old 
the experiment. Three of the puppies were kill 
left constantly with the bitch, except between th 

At the latter hour the bitch was cart 
‘ing obtained daily throughout the 
each three-day period was united, evaporate 
and extracted with ether. The butter-fat obtain 


] 


ether amounted to about 1 c.c. for each peri 


of detecting the presence of cotton seed oil, in 


1 On this point see GOGITDS! 
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present, the whole of this butter-fat was employed for Halphen’s test. The 
results of these observations are summarized in the accompanying table 
(p- 201). The diet of the animal throughout the experiment consisted of 
two dog biscuit and a small piece of lean beef daily. 


In this experiment, as the table shows, cotton seed oil given by 
way of the mouth appeared in the milk in easily detectable amount. 
When, on the other hand, an equal quantity of oil was injected under 
the skin, neither on the days immediately following the injections, 
nor after a time (three to six days) sufficient to allow a wide distribu- 
tion of the oil through the subcutaneous spaces, was the slightest 
trace of the oil detectable in the milk. 

Conclusions. — Oil injected subcutaneously is readily and widely 
distributed through the subcutaneous spaces. Such oil is not, how- 
ever, transformed 7 sifu into adipose tissue. In fact, the tissues react 
to its presence as to any non-irritating foreign substance. In the 
blood, lymph, and milk it does not appear in detectable amounts. 
While the oil is ultimately absorbed and utilized in metabolism, the 
process is one of extreme slowness. Oil injections in any moderate 
amounts are therefore practically without nutritive value. 
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THE NATURE OF CHEMICAL AND ELECTRICAL STIMU- 
LATION.—II. THE TENSION COEFFICIENT OF SALTS 
AND THE PRECIPITATION OF COLLOIDS BY ELEC 
TROLY TES. 

By A. P. MATHEWS. 
[From the Hull Physiological Laboratories of the University 


F the properties of ions which determine their physiological 

action, the solution tension is the most important, for the 
physiological action of any ion may to a certain extent be predicted if 
its solution tension is known,! This factor of so great importance in 
physiology has received little attention on the part of those who have 
studied the precipitation of colloids. As it seemed probable that the 
solution tension should determine other than the physiological prop- 
erties of salt solutions, I tried in this investigation to get a clear idea 
of how the solution tension of an ion might affect the chemical 


powers of a salt solution, and to see if this factor played any part in 
the precipitation of coHoids by electrolytes, as had been suggested in 
an earlier paper.” 


I. THE TENSION COEFFICIENT OF SALTS. 


In a solution of sodium chloride the sodium ion is held in the solu- 
tion more firmly than is the chlorine, for to remove a sodium ion 
from a normal ionic solution of this salt the voltage on the electrodes 
must be at least 2.54 volts, so far as the sodium is concerned; 
whereas to remove chlorine from such a solution a voltage of 1.694 
volts is sufficient, if the chlorine alone be considered. As a result of 
this difference in tension between the two ions there is a much 
greater tendency on the part of the chlorine ion to give up its 
electrical charge to any substance introduced into the solution and 
for the chlorine to pass out of solution than for the sodium ion to 


give up its charge. There is, in other words, more energy in the 


1 MATHEWS: This journal, x, 1go4, p. 291; zid., xi, 1904, | 


2 MATHEWS: J/Oid., x, 1904, p. 317 (footnote). 


204 A. P. Mathews. 


chlorine ions than in the sodium ions; the difference in voltage in 
favor of the chlorine being equal to 2.54 volts — 1.694 volts, or 0.846 
volts. 

It is obvious that if the negative ion goes out of solution more 
readily than the positive, the solution as a whole has a greater ten- 
dency to give up a negative charge to anything brought within it than 
to give up a positive charge. Similarly, if the positive ion goes out 
of solution more readily than the negative, the solution as a whole 
has a greater tendency to give up a positive charge to anything dis- 
solved in it tnan to give up a negative charge. 

As the transfer of a positive charge of electricity from one sub- 
stance-to another oxidizes the latter, and the transfer of a negative 
charge reduces the substance receiving the charge, it is clear that all 
solutions which give up the positive charges of their ions more read- 
ily than the negative must have an absolute value as oxidizing 
agents; and all solutions in which the negative ions give up their 
charges more readily must act absolutely, though not necessarily 
relatively, as reducing agents; a solution in which the positive and 
negative ions give up their charges with equal ease is absolutely 
neutral, since its tendency to reduce is exactly equal to its tendency 
to oxidize. 

The foregoing reasoning makes it clear that the absolute oxidizing 
or reducing power of any solution depends on the difference in solu- 
tion tension of its ions and must be determined in part by the 


formula 


In this formula e, is the solution tension of the anion; e, is that of 
the cation, and 7 the oxidizing or reducing action in volts. If the 


sign of 7 is negative, the solution has absolutely a reducing action; 


if positive, it has an oxidizing action.! 

Among the properties of salt solutions determined probably by the 
difference in solution tension of the ions are, then, their oxidizing or 
reducing powers. Thus cupric chloride is a strong oxidizing agent, 
owing to the fact that the copper ion has a greater tendency to give 
up its charge than has the chlorine ion; and a solution of sodium 
sulphite is a reducing agent because the sulphite ion gives up its 
negative charge more readily than sodium. 


! Whether it actually oxidizes or reduces another substance will depend on the 
relative position of the other substance to it. 
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It is, however, clear that the difference in solution tension of the 
ions is not the sole factor in determining the oxidizing and reducing 
action of salt solutions. The total decomposition tension of the salt 
must also be considered, for if in a cupric chloride solution the copper 
ion gave up its charge the chlorine would be left unbalanced by any 
positively charged ion. This would cause an electrostatic stress 
which would act to prevent the copper passing out of solution. The 
tendency of any ion to go out of solution is hence modified by the 
total amount of energy necessary to remove the charges from both 
the ions. It is impossible to separate copper from a cupric salt solu- 
tion by electrolysis unless energy at a sufficient potential is supplied 
to remove also the charge from that anion which holds its charge 
most weakly. The factor e, — €«. must hence be acted upon by the 
total decomposition tension of the salt, or «€, + €, and we obtain in 
this way the formula 


€ 


This factor 7 may be called the fension coefficient of the salt. It 
has already been shown in a former paper that it is the chief factor 
in determining the physiological action of salt solutions on motor 
nerves. 

The numerator of the foregoing fraction, e¢ €, is a constant for 
any salt, irrespective of its concentration, provided the ions are of the 
same valence and the character of ionization does not change with a 
change in concentration. It will not vary greatly in any case. The 
denominator, however, will vary owing to the fact that the solution 
tension of an ion varies with its concentration. The formula there- 
fore may be written more completely as follows: ! 


5 


log 


In this formula e, and e, represent respectively the solution tension 


of the anion and cation in normal ionic solutions; ¢ is the concen- 
tration of the ion, and xz, its valence. The logarithm is the common 
logarithm. 

By this formula the tension coefficients for normal ionic solutions 


| See NERNST: Theoretische Chemie, 1903, p. 712. 
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have been calculated for the following salts (Table I). Nearly all 
the figures for solution tension used in this table are taken from 
Wilsmore’s! calculations. 


TABLE I. 
TENSION COEFFICIENTS, 
€ of € of € of € of 
cation in | anion in cation anionin| 
Tension 


Tension 
volts. volts. coetticient Salt volts. volts. coefficient 
Normal | Normal Normal Normal 


ionic ionic ‘ ionic ionic 
solution. solutions. solution. solutions. 


KI 2.92 0.797 5 CaCl, 2.28(?) 
NabrOsg | 0.727(?) MnCl, 0.798 
Nal 0.797 AICI, 0.999 
Na,SO, 1.081 —0. ZnCl, 0.493 
NaBr : 33: CdCl, 0.143 
NaOH CoCl, 0.045 
KCl 2.92 1.694 .265 NiCl, —0.049 
NaCl 1.694 —0.1998 PbCl, ~0.129 
LiCl 1.694 —0.1704 HCl —0.277 
NH,Cl 1.694 +0.0074 CuCl, —0.606 
MgCl, 1.694 +0.014(?)'| HgCl, —1.027 
SrCly 49(? 1.694 ? AgCl —1.048 


BaCl, 54(2) 1.694 


It will be noticed that the solution tension given in this table for the 
sulphate ion is different from the value calculated by Wilsmore. 
Nernst? gives the value 2.877 for the HSO, ion and 2.177 for the SO, 
ion. The behavior of the sulphate both toward the motor nerve and, 
as is shown farther on, toward colloidal solutions indicates, I think, 
that its real value is possibly less than that of chlorine. If the value 
of the sulphate ion is calculated on the hypothesis that when relieved 
of its charge the sulphate ion changes into the persulphate, or SO, 


goes over into S,O,, one obtains a value, by calculating the difference 
1 WitsMorE: Zeitschrift fiir physikalische Chemie, 1900, xxxv, p. 291;. zd7d., 


I9OI, XXXVi, p. 92. 
2 NERNST: Theoretische Chemie, 1903, p. 712. 


Salt. 
: 1.694 (?) 
1.694 +0.30 
1.694 +.0.233 
1.694 0.562 
1.694 £0.838 
1.694 11.054 
1.694 +1.059 
1.694 +1.173 
1.694 +1.390 
ES] 
1.694 2.114 
1.694 +4.058 
1.694 
(°) 
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in energy content of SO, as sulphate and SQ, as persulphate, of 1.081 
volts as the voltage necessary to relieve SO, of its charge and con- 
vert it to persulphate. I have used this value in my calculations with 
the sulphate owing to the fact that the behavior of sodium sulphate 
toward an electro-negative colloid is that of a salt of which the anion 
has about this solution tension. 


II. THE RELATION OF THE TENSION COEFFICIENT TO COLLOIDS. 


Does the tension coefficient of a salt play any part in the precipita- 
tion of a colloidal solution? The work of several observers has estab- 
lished the importance of the valence of the precipitating ion. Bechold! 
alone, so far as I know, is the only other writer who has made any 
suggestion of the importance of the decomposition tension of the 
salt, and he has not followed the suggestion further. Without enter- 
ing into the general discussion of the nature of colloidal solutions, for 
which reference is made to the work of Bredig and other writers, it 
may be stated that colloidal particles react in most particulars as if 
they were ions of very slow velocity. Colloidal albumin forms true 
salts with the ions which precipitate it. Colloids behave also like 
ions in their reaction to the current. They migrate with or against 
the current depending on the nature of their charges. They have 
also a small osmotic pressure. There is, in fact, little apparent 
difference between a particle in suspension, a colloidal particle, and 
an ion, except a difference in size and velocity, with resulting changes 
in certain properties of their solutions. We may therefore treat the 
colloids as if they were gigantic ions of no velocity; the ions of 
opposite charge being the ions of water or other negative or positive 
ions. 

In a precipitation of a colloid the actual precipitation appears to be 
due to the mass of the particles being increased more rapidly than their 
surfaces, the particles ultimately becoming so large that their surface 
energy is no longer sufficient to hold them in suspension and flocking 
occurs. We have, therefore, in the precipitation of a colloid two dis 
tinct factors to be considered. These factors are, first, the mass of 
the particles; and, second, the surface energy. It is, in my opinion, 
necessary to keep this fact in mind, for salts may conceivably produce 
flocking in either of two ways, 7. ¢., by altering mass, while the surface 
potential is left unaffected; or by reducing the surface potential. 


1 BecHOLD: Zeitschrift fiir physikalische Chemie, 1904, xlviii 
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The factors in the salts which produce flocking may be acting on 
either of these factors. Valence, for example, might influence flock- 
ing by altering mass, but not surface energy. For the present, leav- 
ing the matter of primary alteration in mass at one side, I wish to 
consider the potential of the surface energy of the particles and its 
relation to the tension coefficient of the salt; farther on the mass 
factor will be considered in connection with valence. 

Adopting Bredig’s idea of the nature of colloidal solutions, a colloi- 
dal particle may be pictured as a spherical ion with one or more ionic 
charges. In the figure a single negative charge only is represented ; 
the oppositely charged ion is, in the case of the colloidal albumin 

used in these experiments, probably potassium 
- or sodium. In Fig. 1 A is supposed to be a 
colloid with a single negative charge 6, and 
the positive ion is Va. In A the surface ten- 
sion represented by force a is constantly 
acting to reduce the surface, to coagulate the 
colloid and take it out of solution. This tendency is opposed by 
4, the force represented by the negative charge, the solution ten- 
sion of the colloid, which together with the solution tension of the 
sodium holds the colloid in solution. Now it is clear that any in- 
crease in the value of 4 will cause A to increase its surface and go 
more completely and firmly into solution; and on the other hand 
anything which diminishes 6 will permit the surface tension a to pre- 
cipitate the colloid more or less completely. The total value of 6 
will vary with the ion of opposite charge, and will be greater if that 
ion has, like sodium, a high solution tension of its own. The actual 
value of 4 is given by the formula first derived, since 6 is the tension 


b 


Na 
Cl 


FIGURE 1 


coefficient of the colloid. 6= - <= , where x = solution tension of 
the colloid. When the cation is of high solution tension, the negative 
potential 4 counteracting the surface tension is high, and the hydrosol 
will be stable; if the cation is of low solution tension, the hydrosol 
will be unstable, since the amount of energy necessary to remove the 
colloid from solution is determined by the total decomposition tension 
of the colloid. 

Imagine (Fig. 1) that sodium chloride is brought into the solu- 
tion. Both sodium and chlorine will have a certain tendency to 
deposit on the colloid and give up their charges to the colloid. If 
chlorine gives up its charge, it will increase the value of 4 and thus 


| 
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hold the colloid in solution more firmly; if sodium deposits on the 
colloid, it will neutralize 6 more or less, reduce the tension holding 
the colloid in solution and precipitate it. If there is any difference 
between the tendencies of sodium and chlorine to deposit on the 
colloid, it will be obvious that the total effect of the two ions will be 
a preponderance of action in one direction or the other. The ten- 
dency of either ion to pass out of solution and thus to precipitate or 
dissolve the colloid is modified, as has already been said, by the total 
decomposition tension of the salt. 

In the precipitation of any colloid by an alteration in the po- 


tential of its surface energy, we have thetefore at least two factors 
r 


to be considered: first, the tension coefficient of the colloid or 

x — €, 
, and, second, the tension coefficient of the 
_ For an electro-negative colloid 

€ 

positive or more negative than Teoyjoig, the colloidal solution must 
be rendered more stable by an addition of the salt; if 7, is more 
positive or less negative than 7,.)oia, the stability of the colloidal 
solution will be lessened and, if the difference between the two is 
sufficiently great, precipitation must occur. 

Assuming that the salt solution precipitates the colloid, it is clear 
that the precipitation will take one of three forms depending on the 
extent of the difference between and 

1. The factor 4 is the factor which causes a repulsion between 
neighboring particles and prevents their fusion into larger aggregates. 
If 7 of the salt introduced into the colloidal solution is only slightly 
more positive than 7 jig, the repulsion between neighboring col- 
loidal particles will be reduced, they will approach and _ ultimately 
fuse into larger aggregates without any change in their chemical 
composition except that a very few of the oppositely charged ions 
which are exerting the action will be attached to these growing aggre- 
gates. Such a condition is seen, possibly, in the gelation of gelatine 
where a fusion occurs of colloidal particles with only a slight admix- 
ture of the salt introduced. 

2. If, however, 7,,, is considerably greater than 7,.,jja4, the fore- 
going process will take place, but there will be a larger proportion 
of the precipitating ion carried down with the aggregate in firm 
salt combination. If sufficient of the precipitating salt is present, a 
true salt of the colloid will be thrown down. This is the case, 
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probably, in the precipitation of colloidal egg-albumin by the heavy 
metals. 

3. Finally, if the tension coefficient is sufficiently great and opposite 
in sign to that of the colloid, that is, if 7, is very much greater 
than wyoycia, the precipitating ion will give up its charge to the col- 
loid and take the charge from the colloid, in this case the albumin. 
One of two things may then happen. Either the albumin particle 
receiving the charge will be oxidized and changed chemically, if the 
charge is positive, thus causing an irreversible change in the colloid ; 
or the colloidal particles relieved of their charges will unite to form a 
new colloid of double or greater size, just as the ions of chlorine 
relieved of their charges unite to form molecular chlorine. The new 
colloid thus formed would possibly be insoluble, and an irreversible 
coagulum would be formed, in which no change in composition could 
be detected except a change in solubility. 

If the foregoing reasoning is correct, the tension coefficients of 
salts ought to be of great importance in determining the precipi- 
tating powers of salts, and oppositely charged ions should exert an 
opposite action on the colloidal solution. These conclusions were 
tested upon colloidal egg-albumin solution which was prepared as 
follows : 

The egg-white was dialyzed for forty-eight hours against distilled 
water which was frequently changed. The solution was then diluted 
to twice its bulk with distilled water, and the precipitated globulins 
filtered out and the solution heated on the steam bath to 90 C-. for ten 
minutes. The milky solution was then diluted to five times its 
bulk with distilled water. An opalescent fluid is finally obtained of 
slight but varying alkalinity and free from salts and globulins, in 
which the colloid particles are electro-negative (Hardy). Five cubic 
centimetres of this solution were accurately measured into test tubes, 
and known quantities of the salt to be tested added to different tubes 
until the dilution just sufficient to cause a visible precipitate in 
twenty hours was reached. As the degree of alkalinity of the 
colloid makes some difference in its stability, only solutions of the 
same alkalinity can be used for comparative work. While the end 
point is not very sharp, the results obtained on different lots of 
albumin were concordant. For example, three independent determi- 
nations on different solutions of egg-albumin gave 0.012 N; 0.014 N; 
0.015 N as the weakest precipitating concentration of calcium 
chloride. 
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III. Is THE SOLUTION TENSION OR THE VALENCE OF A PRECIPITATING 
ION THE MORE IMPORTANT FACTOR IN THE PRECIPITATION OF 

AN ELectro-NEGATIVE COLLOID? 
To answer this question, I used at the outset unboiled egg-albumin 
which had been dialyzed for two days, diluted to three times its 


TABLI 


DIALYZED 


Normal solut 


0.0033 2 
0.0033 
0.0033 x 
0.0033 
0.0033 
0.0033 

0.0005 72 
0.0033 

0.0016 

0.0033 2 


0 OO16 x 


volume with distilled water and the precipitated globulin filtered out 
The solution was a little opalescent. 
Itis apparent from this experiment (Table II) that it is the solution 


UNBOILED, ALBUMIN 
Cals Concentrations I:ffect o1 
ail 
of salt col 
KCl —() 265 2nai less ( fies 
NaCl 0.199 3 
LiCl 0.1704 } ss ‘ 
NH,Cl 2H 
BaCl. ; 
Mg‘ ly L0.0]4 
CaCl 
MnCl, 0.30 Precipitates slowly 
AIC 0.258 it 
ly 10.562 
Ca LOS3S 
NiC] L1.059 
CoCl 11.054 
HC] +-1.390 
PbCl, 1.42] 
FeC] 
CuCl, 2.114 
AgNO +.42 (?) 
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tension of the cation, or, more properly speaking, the tension coeffi- 
cient of the salt, which determines whether a salt will precipitate 
unboiled egg-albumin or not. Valence as such evidently does not 
of itself determine whether salts precipitate, for magnesium, calcium, 
and barium salts, although containing bivalent cations, do not pre- 
Cipitate, but on the contrary they render the solution clearer. The 
tension coefficient separates the salts sharply into two classes, those 
which have a tension coefficient for their normal ionic solutions less 
than +0.3 all render the solution clearer, and in no concentration 
used did they show any sign of precipitation; while those with a 
tension coefficient +0.3 or greater precipitate, and in general they 
precipitate more promptly, the higher their tension coefficients. 
Contrast, for exampie, manganese chloride and lead chloride: the 
former at a concentration 0.0033 N precipitates very slowly; while 
the latter at even greater dilutions precipitates promptly and com- 
pletely. No attempt was made in this experiment to determine the 
weakest concentration which would precipitate. 

I next tested the boiled colloidal egg-albumin prepared in the 
manner described. When egg-albumin is boiled its particles in- 
crease apparently in size, and it may be anticipated that such a 
coarse colloidal solution will have a lower tension coefficient than the 
unboiled, and consequently will be precipitated by salts which did 
not precipitate the other. This was found to be the case, and the 
results given in Table III were obtained. 

This experiment shows that all salts having a tension coefficient 
greater than o precipitate, and in general they precipitate more pow- 
erfully the greater their tension coefficients. Contrast magnesium 
chloride and silver nitrate. All salts having a tension coefficient less 
than —o.1 do not precipitate in any concentration I have tried, z. e., 
as high as a 3N solution for sodium chloride. Instead of pre- 
cipitating, these salts dissolve the colloid and render it more stable, 
as will be shown farther on. 

There are certain irregularities in the table which deserve notice, 
such, for example, as the greater precipitating power of zinc chlo- 
ride than cobalt chloride. These irregularities, to be ascribed in 
part to hydrolytic dissociation, are discussed on page 226. The order 
of precipitating action of the alkaline earths, as may be seen from the 
table, is magnesium, strontium, barium, and calcium. This is the 
order the salts take in their toxic action also. The solution tension of 
these ions is uncertain, except that they come between 1.044 and 
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2.54. It is possible that their solution tensions may also have the 
same order, calcium having the lowest solution tension, although, as 
computed from the heat of formation, calcium and magnesium have 
the same tension. The tension coefficient of the colloid in a solution 
of this alkalinity evidently lies about 0, but is probably a little less 
than this and in the neighborhood of —o.1. 


TABLE III 


LKALINE EGG-ALBUMIN. (ELECTRO-NEGA1 


Weakest con 
centration which 
precipitates in 
20 hours. 


tor 
normal 


T for 
normal ionic 


solutions. solutions. 


0.571 No precipitation. 

222 
0.333 
0.409 
0.265 d 4 0.00066 
0.1998 0.0021 x 
0.1704 0.0013 
+-0.0074 0.0007 2 2 


OOOAS az 


0.014 0.033 2 
0 COO36 


0.025 
0.00045 


00197 


O.00039 n 


0.012 7 


The relation of the salts to electro-positive albumin confirms these 
results. To make the albumin electro-positive it is necessary to make 
the solution acid. I accordingly added just sufficient acid (hydro- 
chloric) to precipitate it, and then as much acid more as was 
required to precipitate. The solution was thus made as acid as it 
had been alkaline. We should now expect that since the sign of the 
colloid has been reversed, all the salts lying at the upper end of the 
table of tension coefficients should precipitate the colloid, and those 
farther down should not. It was impossible to predict the exact 
point of separation of the salts into the two classes, owing to the fact 
that the tension coefficient of the colloid in acid solution was unknown. 


Weakest con- 
precip es 
KI 
Nabr 
Na SO, 
KC] 
NaCl 
LiCl 
NH,C1 
MgCl, 
SrCl, 
BaCl 
\oNO $42 
CaCl, 


214 A. P. Mathews. 


Experiment (Table IV) confirms this expectation. This table shows 
that all salts of monovalent acids having a tension coefficient less 
than +1.059 now precipitate, and they precipitate more strongly the 
greater the difference between their tension coefficients and this 
number. Thus potassium iodide precipitates more powerfully than 
potassium bromide, and this more powerfully than the chloride. 
Sodium chloride is more powerful than lithium chloride or ammonium 


TABLE IV. 


ELECTRO-POSITIVE COLLOID. AcID EGG-ALBUMIN. 


Limiting Limiting 
precipitating precipitating 
concentrations. concentrations. 
KI 0.0091 x +-0.066(?) 0.038 
NabrOs, 0.0091 ; O.047 
Na.SO, —0.(4091)? 0.0029 x 2 ? 0.050 x 
Nabr —0.333 0.0148 x ? 0.057 2 
KCl 0.039 n 2 0.057 
NaCl 0.1998 0.023 x ? 0.11 7 
LiCl ~0.1704 0.0344 x ly 0.056 
RbCl 0.2655 0.038 x ? 0.02 x 
Na valerianate (?) 0.0025 x 
Na butyrate ? 0.0025 x NiCl, 


NH,Cl +0.0074 0.034 HgCl, 


1 The c sign means that no precipitation took place in any concentration tested. 


I have not tried saturated solutions 


chloride. Calcium chloride requires a greater concentration to pre- 
cipitate than barium chloride; and this than strontium or mag- 
nesium. On the other hand, nickel chloride, hydrochloric acid, 
mercuric chloride, and cupric chloride will not precipitate in any 
concentration I have tried. No salt having a tension coefficient 
greater than +1 precipitated unless the valence of its anion was 


greater than I. 
There is, however, one point of difference between these results 
and those obtained with the electro-negative colloid. With the 
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electro-negative colloid the salts which do not precipitate have a 
dissolving action on the colloid and render it more stable, so that 
larger amounts of the precipitating salts are necessary to precipi- 
tate it. 

With the electro-positive colloid this is not always the case 
While nickel, copper, and mercury chlorides will not precipitate this 
colloid, except possibly in very strong concentration, they neverthe- 
less render it less stable instead of more stable. This may be shown 
by determining the minimum amount of sodium bromide necessary 
to precipitate, and comparing it with the minimum amount necessary 
to precipitate after mercuric chloride is added. It was found that the 
addition of mercuric chloride made it possible to precipitate with 
weaker solutions of the bromide instead of the reverse, as I had 
expected. The fact that these salts do not render the colloid more 
stable, as the theory demands, may possibly be due to the cations of 
the heavy metals forming complex cations with the colloid similar to 
the union of ammonia and platinic chlorides, and to these complex 
cations having a lower tension coefficient than the colloid itself, and 
so being more easily precipitated. Sufficiently strong acid also will 
precipitate. This is contrary to the hypothesis, unless a chemical 
change occur in the albumin. 

This experiment confirms, with the exceptions just mentioned, the 
hypothesis of the importance of the tension coefficient of the salt in 
the precipitation of both positive and negative, boiled and unboiled 
egg-albumin. 


IV. THe EFFrect OF CHANGING THE TENSION COEFFICIENT © 
THE COLLOID. 


A necessary conclusion of the premises is that if the tension co- 
efficient of the colloid could be changed, the line of division between 
dissolving and precipitating salts should shift upward or downward 
and salts which formerly dissolved should be made to precipitate. 
This change in the tension coefficient of the colloid can be brought 
about by boiling the egg-albumin. By this means the salts of the 
alkaline earths are made to precipitate where formerly they dissolved. 
The change can also be produced in the boiled egg-albumin by reducing 
the amount of hydroxyl ions in the solution. If these be diminished, 
the stability of the colloid is diminished, since the effect of sodium 
hydrate with its negative tension coefficient is to hold the colloid in 
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solution by increasing 4 (Fig. 1). By greatly reducing the amount 
of hydroxy] in the solution, the tension coefficient of the hydrate is 
raised, and the value of 4 is thereby reduced; and vice versa. If 
the value of 4 is sufficiently reduced, salts which formerly dissolved 
ought now to precipitate and those which precipitated before ought 
to precipitate in greater dilution. The addition of more hydrate 
should have a reverse effect. Results confirmed the hypothesis. It 
is possible, as is shown in Table V, by the addition of acid, so that 


TABLE V. 
Showing effect of addition of acid and alkali on concentration of salt necessary to 
precipitate. (— means no precipitate ; + means precipitate. The figures give the 
weakest precipitating concentrations in terms of normal solution.) 


after ad-| before | after partial Salt after ad-| before | after partial 
dition of | addition | neutraliza- ve | dition of | addition | neutraliza- 


NaOH. | of NaOH. tion by HCI. NaOH. | of NaOH. tion by HCl. 


Salt. 


Dissolv’d ppt. | LiC] - ; <0.01 
NH,Cl - - +; <0.01 
MgCl, |+;0.11 |+; 0.03 |+; 0.0014 
SrClo +; 0.07 (+; 0.047 | +; <0.007 
CaCl, +; 0.024 ' +; 0.012 | +; <0.007 


+: (?) +; 0.0021 +: <0.00076 


the hydroxyl ions are greatly reduced in numbers, to render the 
colloid so unstable that it is precipitated by ammonium chloride, 
lithium chloride, and sodium chloride, and dissolved by all salts with 
a lower tension coefficient. One can even render it so unstable that 
potassium chloride precipitates and salts having a tension coefficient 
less than —o.3 will dissolve. We are thus able in fact to make a 
colloid which behaves remarkably like many kinds of protoplasm 
toward which potassium chloride and sodium chloride have quite 
different actions. This is a matter which will be considered in 


another paper.! 


1 These results are closely similar to observations of POSTERNAK (Annales de 
l'Institut Pasteur, xv, 1901) upon the albumin extracted from Picea excelsa. In 
alkaline solutions sodium chloride and sodium bromide precipitated, while the 
nitrate and iodide did not precipitate. 


KI 
Nakr 
4 KC] 
Na.SO, 
NaCl L: 0.01 NiCl, 
; 
i 
i 
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It is clear from these results that some colloids may have tension 
coefficients so low that practically all salts will precipitate them. 
This appears to be the case, for example, with colloidal arsenious 
sulphide, which is precipitated by so many electrolytes. Toward 
such colloids the rdle of the tension coefficient will be far harder to 
detect than is the case with the albumin, but its value may none the 
less be seen in the work of most observers who have studied these 
colloids. Many of them have recorded differences between the pre- 
cipitating power of the chlorides and iodides, for example. 


V. Tue RELATION OF IONIC VALENCE TO PRECIPITATING POWER. 


All observers agree that the valence of the ion of opposite charge to 
the colloid is of great importance in determining its precipitating power. 
Thus the observations of Spring, Picton and Linder and Hardy and 
others have shown that salts of which this ion is bivalent will pre- 
cipitate in concentrations about ,', as great as salts of which the 
precipitating ion is monovalent; and that salts of which the precipi- 
tating ion is trivalent will precipitate in concentrations about ,;,', 4 
as strong as the monovalent. 

On the other hand the valence of the ion of the same sign as the 
colloid appears to exert no influence, for cobalt chloride and cobalt 
sulphate will precipitate an electro-negative colloid in approximately 
the same dilutions. 

The fact that the valence of the ion of the same sign as the colloid 
is unimportant has led to the conclusion that this ion exerts no 
action, a conclusion which is at variance with the theoretical basis of 
the present investigation. Pauli alone has suggested and shown 
that the positive and negative ions have opposite actions. Inasmuch 
as the opposite action of the two ions comes out most clearly in 
the physiological activities of the salts, I have given special con- 
sideration to this matter. 

a. The importance of the ion of the same sign as the colloid. — 
As has been said, nearly all observers have attributed no action at all 
to the ion of the same sign as the colloid. Thus in a recent paper 
Freundlich! concludes that this ion is of no importance at all. Only 
Pauli has emphasized the fact from his experiments on egg-albumin, 
that the ion of the same sign as the colloid has an opposite or dis- 
solving action on the colloid. While the opinion is widespread that 


1 FREUNDLICH: Zeitschrift fiir physikalische Chemie, 1903, xliv, p. 129. 
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this ion has no action, indications are not lacking that some impor- 
tance must be attributed to it, since nearly all observers have recorded 
differences in the precipitating power of the chlorides, bromides, 
and iodides of the same metals. In all cases to precipitate an 
electro-negative colloid more of the iodide is required than of the 
chloride or bromide. These differences, as Posternak! pointed out, 
cannot be referred to differences in velocity of the ions since the 
velocities of these three ions are almost identical. 

My own results show that the ion of the same sign as the colloid 
has an important action and that it has a dissolving action on the 
colloid.. This may be easily seen in the case of electro-negative 
albumin by a comparison of the minimum precipitating concentra- 
tions of the chlorides, bromides, and iodides of the alkaline earths. 
In this case the precipitating ion is the metal. The following results 
were obtained for the minimum precipitating concentrations: 


CaCl,, .018 N; SrCl,, .o22 N; BaCl,, .o10o N 
CaBr,, .0196 N; SrBrz, .024 N; BaBrz, .013 N 
Cal,, .031 N; Srl, .o50 N; Bal., .o15 N 


In each of these cases more of the iodide is required than of the 
chloride. Inasmuch as the number of ions is probably the same in 


the two cases, the greater concentration required for the iodide can 
only be attributed to the antagonistic action of the anion. The 
dissolving power of the anion is evidently determined by, or in- 
versely proportional to, the solution tension, since the solution 
tensions are as follows: 


Cl = 1.694 
1.37 
[ = 0.797 


The results for the barium salts in the foregoing experiments were 
obtained on a different colloidal solution, less alkaline than that used 
for the calcium and strontium. 

With electro-positive egg-albumin similar results were obtained. 
In these chlorides the precipitating ion is the chlorine. The per cent 
of dissociation in the various monovalent chlorides is practically the 
same, yet there is a considerable difference between their precipitat- 
ing powers. This difference is marked between ammonium and so- 
dium chlorides. 


1 PosSTERNAK: Annales de l'Institut Pasteur, 1901, xv, p. 85. 
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Salt Minimum concentration which precipitates 
NaCl 0.020 M 

RbCl 

KCl 

NH,Cl 

LiCl 

CsCl 


The dissolving action of the ion of the same sign as the colloid 
may be clearly shown, also, by partially precipitating an electro-neg- 
ative colloid with hydrochloric acid. Such a partially precipitated 
colloid is completely precipitated by sodium chloride by means of the 
sodium ion, while the bromide, the sulphate, the bromate, and the 
iodide dissolve the precipitate already formed and render the solution 
stable and clear. This may be seen in the following experiments. 

In the first experiment sufficient acid was added to cause a perma- 
nent precipitate. The colloid did not settle out completely in forty- 
eight hours, but remained permanently partially precipitated. Lach 
test-tube contained 5 c.c. of this mixture of solution and _ precipi- 
tate. The amount of each salt solution added, the strength of the 
solution, and the result are as follows : 


. . . o.1c.c. Precipitates. 
Partial clearing. 
Good clearing. 
Clarifies. 
Prec ipitates. 


KCl x 


4 MgCl, 029 
SrCl, .030 “ 
+ BaCl, 
CaCl, O44 
BeCl, 
| 
02 C.C. 
CL. 
CC. 
5-0 C.c. 
0.4 C.C. 
cc. 
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NabBrO, 27 
Slight clearing. 
se 
Clears slowly. 
Clears quickly. 


Na.So, m Precipitates. 


“ 


Slight clearing, 


929929999090 


Clears slowly. 
Clears about like NaBr. 
Precipitates. 


KNO, 2” 


Slight clearing. 

Clears better than KCl. 
Na,SO; Clears at once. 
c.c 


40 


NaOH 45 


c.c. 


c.c. Not clear. 


9929992090000 


c.c. Clears slowly. 
LiClan ... .1c.c, Precipitates. 


cx. 

Cal, Ze. Complete and instant precipitation. 
.c. Precipitates. 

Partially clear. 

Clear. 
K Formate . .1c.c. Precipitates. 

Partial clearing. 

Nearly clear. 
Na Butyrate . Clear. 

Clears at once. 


Experiment 30. — Dissolving action of anions on alkaline egg-albumin. Co- 
agulated egg-albumin. 5 c.c just precipitated by 0.5 c.c. fj HCl. ‘To 
100 c.c. of the alkaline solution, 9 c.c. of #4, HCl were added. This pro- 
duced a marked turbidity, but no precipitate in five hours. 5 c.c. of 
this solution was placed in each test tube and the following salts added. 


220 
0.3 C.C. = 
0.6 
C.c. 
5: 
6. 
cc. 
et. 
CC. 
; I C.C. 
2 CL. 
8. 
p 
«. 
10. 
II. 
4 
it 
bp 


The Nature of Chemical and Electrical Stimulation. 


RESULT. 


Clarifies. Remains clear 


No ch inge. 
Not clear. Becomes more turbid. 
Turbid. Precipitates. 


Coagulates rapidly. 


NH,Cl 47. Coagulates partially. 


Clarifies at first. Turbid after 1 
Gradual turbidity. 
Coagulates slowly. 
RbCl No clarification. 
Na,SO, %. Very clear. Remains clear. 
Remains turbid. 


} 


Nal w. Clears at once, better than KCl 
é 66 Slight clearing. 
Clear. Remains clear 
Very clear. Best of all. 
NaBr 3.9 m. Clears slowly. 
Clarifies well. 
Apparently hastens coagulati 
Clarifies. 
Clears very rapidly. 
Gradual increase in turbidity. 
NaCl 37. Hastens coagulation. 
Heavy precipitate. 
Clears slightly. ‘Then precipitates. 

In Experiment 30 it will be seen that sodium bromide, sodium 
iodide, potassium chloride, sodium sulphate, and sodium sulphite all 
clarify the egg-albumin, while rubidium chloride, sodium chloride, 
lithium chloride, and ammonium chloride precipitate the solution. 


1. o.10¢.c. Na,SO, > 24 hou 
7: Cx. sing 
S. 0.30 Cx. 
I sec. LiCien. 
14. I. c.€. hour. 
IS. C.C. 
0.20 C.C. 
I7. C.C. 
Id. 1.00 C.C. 
19. Control. 
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These results become clearer if the tension coefficients of the salts 
are written, as in Table VI. 

To one tube I added hydrochloric acid until the reaction was 
faintly acid to litmus, and nearly the whole of the albumin had been 
precipitated. To this solution and precipitate I added 1 c. c. of a 
4” NaBr solution. The precipitate was dissolved and the solution 
was partially clarified. To reprecipitate it the addition of several 
drops of HCl “4 was necessary. The sodium bromide used was en- 
tirely neutral to litmus and phenolphthalein. 

Not only does the sodium bromide render the solution more stable 
toward acid, but also toward all other precipitating salts. For ex- 


TABLE VI. 


Action on*colloid. Salt. Action on colloid. 


coefficient. coefficient. 


NagSOg (?) Strongly clarifies. KCl 0.2657 Weak clarification. 
NaOH —0.374(?) RbC1 —().2(?) Weak precipitant. 
KI —0.57 NaCl —0.1979 Precipitates. 

Nal LiCl 0.1663 Strong precipitant 
Nabr KE NH,Cl +0.0074 


NaySO, - Clarifies. 


ample, 0.1 c.c. of a 4” solution of calcium chloride caused instant 
coagulation of 5 c.c. of the colloidal (negative) albumin. If, how- 
ever, 0.5 c.c. of NaBr 4 7 was added first, the calcium chloride no 
longer caused a precipitate in this concentration. 

From these experiments there is no mistaking the general conclu- 
sion, 2. ¢., the ton of the same sign as the colloid ts not inert, as has been 
supposed, but exerts a dissolving action on the colloid. The power of 
this ion is dependent on its solution tension. 

The dissolving action of the sodium sulphate, which is about equal 
to that of sodium bromide, would indicate that the sulphate ion has 
a solution tension about that calculated. 

As regards the valence of the ion of the same sign, my results 
agree with those of others that this is of no importance in the ion’s 
action. Cobalt chloride and cobalt sulphate each precipitated electro- 
negative albumin in approximately 3%, concentration. A similar re- 


a 
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sult was obtained with copper acetate and copper sulphate. The fact 
that the valence of this ion is of no importance is of great interest 
in that it aids in understanding the importance of the valence of the 
ion of opposite sign. 

b. The importance of the valence of the ion of opposite 


loid. — My results confirm the work of others, that the valence of this 
So- 


sign to the col- 


ion is one of the most important factors in determining its action. 
dium sulphate, although its tension coefficient is only a little different 
from that of sodium bromide, precipitates in much greater dilution 
The limiting molecular concentration is about 
While the valence is thus shown 


than the bromide. 
one-tenth that of sodium chloride. 
to be of great importance, the variation from the figures calculated by 
Whetham! is very great. According to Whetham’s formula, the sul- 
phate should precipitate in one-thirtieth the concentration of the 
chloride. The variation is so great as to indicate that Whetham’s 
reasoning is incorrect or else other factors come into play with this 
colloid at least. 

The following summary gives the concentrations of salts of the dif- 


ferent bivalent anions used which would just precipitate: 


wm 


Na,SO, 


Na Succinate 


6x6 


00 


176 
S16 


RCO, .. + vee 
K,Cr,0, 


The only explanation thus far offered for the importance of the 
valence of the ion of opposite sign is that of Whetham. According 
to this explanation the greater precipitating power of a polyvalent ion 
depends on the fact that there is a far greater chance of two or three 
charges being near a colloidal particle at one instant if borne on one 
ion than if carried on two or three separate ions. I of the 
opinion that Whetham’s explanation is not correct, or at least that it 
Were that explanation right, by the 


am 


does not explain all the facts. 
same reasoning a polyvalent ion of the same sign as the colloid 
ought to be greatly more powerful in dissolving the colloid than a 
univalent, which is not the case. It seems more probable to me that 


the difference in the importance of the valence of the ions of the same 


1 WHETHAM: See HArpy, Journal of physiology, 1899, xxiv, p. 
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and opposite signs depends upon the fact that the ions of the oppo- 
site sign unite with the colloidal particles, whereas the ions of the 
same sign do not. It seems to me probable that the greater efficiency 
of the ions of opposite sign, if polyvalent, may be due not to their 
action on the surface energy of the colloidal particles, but to their action 
on the mass of the particles. For they are able because they are 
polyvalent to form larger molecular aggregates than the monovalent 
ions can form. The bivalent ions may form aggregates of this sort: 
—colloid—sulphate—colloid—sulphate-——colloid—sulphate—, just as 
such aggregates are probably formed in magnesium sulphate solution. 
Polyvalent ions, therefore, not only precipitate by increasing the 
size of the colloidal aggregates by altering their surface energy 
through the tension coefficient of the salt, but by means of their 
valence they can directly increase the mass of the aggregates. To 
precipitate a colloid the mass of the particles must be increased by 
the fusion of several particles or the surface energy diminished, or 
both these processes must occur. As a polyvalent ion can increase 
mass in both ways, its valence as well as its tension coefficient comes 
into play. Inasmuch as a change in surface energy only is involved 
in the dissolving of a colloid, the valence of the ion of the same sign 
as the colloid is of no importance. 

It is, | think, necessary to assume for the precipitating ion that the 
total surface of this salt-colloid aggregate is less than the surface of 
the aggregates not united. Otherwise the relation of mass to surface 
would remain unaltered by the fact of valence; but it is not unlikely 
that a true fusion would occur and the surface thus be greatly 
reduced. 

If the valence of the precipitating ion is greater than unity, the 
result is that the ion has a precipitating power much greater than a 
univalent ion of the same solution tension. The effect of having 
a valence greater than unity is the same as if the solution tension of 
the ion had been reduced. Exactly in what form this correction is 
to be applied to the formula of the tension coefficient is not entirely 
clear to me; nor is it possible to foresee to what numerical extent 
the activity of the ion will be increased by its valence. The solution 
tensions of the alkaline earth metals are so uncertain that I am unable 
from my results to compute this correction. It will possibly take the 
form e, — A (wm — 1), in which e, is the solution tension of the precip- 
itating ion, A some positive number, and x the valence of this ion. 
The formula becomes then: 


4 
4 
it 
ay 
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If we assume that the sulphate ion has a solution tension of 1.08 
volts, d would be nearly 3; if the sulphate is 2.17, 4 would 
ce. The velocity of the ions. — Several observers have suggested that 


rn as the 


~ 


the velocity of the ions, particularly those of the same si 
colloid, is of importance in determining the action of the:salt. My 
own observations do not permit a decisive answer to this question, 
although in their physiological activity there is hardly any doubt but 
that ionic velocity is of great importance. Some of the observations 
may, however, be interpreted in this way. For example, potassium 
is generally credited with a higher solution tension than sodium. It 
should therefore precipitate an electro-negative colloid less readily than 
sodium chloride. The results confirmed this hypothesis, for it is pos- 
sible to make a colloidal solution which is precipitated by sodium chlo- 
ride and dissolved by potassium chloride (see experiment, page 221) 
But while this result fully confirmed expectations and indicated that 
toward a colloid of opposite sign velocity is of small importance, a dif- 
ferent result was obtained toward an electro-positive colloid. Toward 
such a colloid potassium chloride is slightly Jess efficient as a pre- 
cipitant than sodium chloride, whereas were the tension coefficient 
the only factor it ought to be more efficient than the chloride. 
Since this result has been obtained by others, it appears not improb- 
able that the velocity of the ion of the same sign as the colloid may 
be of some importance in determining its action in holding the colloid 
in solution, so that of two ions of the same solution tension that 
moving faster is the more powerful. Whether the dissolving action of 
the hydrate, which is much greater than is calculated from its tension 
coefficient, is due to its great velocity, or, as appears perhaps more 
probable, to the presence in the hydrate of oxygen ions of low 
solution tension, cannot be definitely stated. It is possible both 
factors are to be considered. 


VI. QUANTITATIVE RELATIONSHIPS. 


It would seem that a certain amount of work must be done to 
precipitate a given amount of colloid. Since the tension coefficient is 


the potential factor of the energy and the concentration of the ions 
the quantitative factor, I think the relationship should hold, for pre- 
cipitating salts having ions of the same valence, that the product of 
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the concentration and the tension coefficient should be a constant; 
or, since the tension coefficient of the colloid itself is not in this case 
zero, the formula should be 


C Xx (salt — Tcolloid) = K. 


At first glance at Table II, this relationship does not appear to 
hold. Lead chloride and particularly zinc chloride are far more 
powerful than the formula requires. Zinc chloride precipitates more 
powerfully than cobalt chloride, whereas the tension coefficient of the 
cobalt is greater than that of the zinc. The salts exhibit exactly these 
same exceptions in their toxic action toward protoplasm.! The ex- 
planation of these exceptions is probably the hydrolytic decomposi- 
tion of the salts. If zinc chloride is added to an alkaline albumin 
solution, the hydrochloric acid set free by hydrolysis will be neutral- 
ized by the hydrate and new acid will be formed. While there is not 
a great difference (see Ley) between the degree of hydrolysis of zinc 
chloride and cobalt chloride, there is a great difference in the amount 
of acid which can be titrated in the two solutions owing to the differ- 
ence in solubility of the hydrates. Zinc hydrate is so insoluble that 
it falls out of solution and nearly the whole of the chloride can be set 
free as acid. This is not the case with the cobalt. When a heavy 
metal salt solution is added to albumin, a considerable quantity of 
acid is in this way added, as well as the salt. It is necessary to 
determine how much acid is available in each salt solution. 

Ley? has determined this amount for lead chloride, aluminium 
chloride, and some other salts. I have alsodetermined in the same 
way, by titrating the salt with j% sodium hydrate using phenol- 
phthalein as an indicator, how much of the chlorine could be titrated 
as free acid. With the cobalt salts the color of the cobalt makes the 
determination somewhat uncertain, but the figures given below repre- 
sent in the case of cobalt chloride certainly a maximum. The follow- 
ing results were obtained : 


Per cent of chlorine 


Per cent of chlorine 
titrated as acid. 


titrated as acid. 
PbCl . . . 80.0 
CuCl . . 95.0 «§ « 009 
CaCl, . HgCl, . 86.0 
Coll . 90 


1 MATHEWS: This journal, 1904, x, p. 298. 
* Ley: Zeitschrift fiir physikalische Chemie, 1899, xxx, p. 206. 
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A part of the precipitating energy of the salt solution is thus de- 
rived from the acid formed by hydrolysis. 

Besides adding to the energy of the salt that of this acid, a correc- 
tion must be made for the incomplete dissociation of the salt, since 
the ionic concentration, and not the molecular, is required. With 
these corrections, the results were obtained which are given in 
Table VII. 

TABLE VII. 


l 
cation 

HCl. 
onic, 


0.001 0.00138 0 
0.165 
0.136 
0.03 0.01200 0 0.014 0.00273 0.00273 


0.0058 x 0.00239 | 0 0.354 0.00237 0.00237 
0.00136 0.00058 0.00100 0.956 0.00110 | 00012S 000238 
0.00258 0.00106 0.00013 0950 287 0.00212 0.00017 0.00239 
0 00066 0.00033 | 0.C0043 0.773 287 0.00067 | 0.00059 0 O01L26(2 


0.00060 0.00030 0.00048 1.033 0.00068 | 0.00066 0.00134 


0.00205 


The results show a constant value for magnesium, manganese, 
nickel, and cobalt, but lead and cadmium are more powerful than 
they should be. The explanation of the exceptional position of these 
elements is not clear. They showed, also, an exceptional toxicity 
toward protoplasm. 

If K of any colloid is known and the concentration of salt necessary 
to precipitate it is determined, 7 of that salt may be calculated. If 
the foregoing reasoning and conclusions concerning colloidal precipi- 
tation are correct, an additional means is thus given for the determi- 
nation of the solution tension of an ion. If, for example, calcium 
chloride be calculated in this way, a value of 1.799 volts is obtained 
for its solution tension in normal solution. This number is consider- 
ably lower than that calculated from the heat of formation of the salt 


CX —T ) 
or a F 
Salt Salt HC] 
HCl 
MgCl, 
MnCl, 
NiC] 
4 CoCl, 
( dCl, 
PbCl, 
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which is given by Wilsmore as 2.3 volts. As the calculation from 
the heat of formation is uncertain, magnesium, for example, if calcu- 
lated in this way giving a value also of 2.3, it is not impossible that 
1.799 volts is nearer the true value of the solution tension of this ion. 

The determination of the solution tension of the colloid may pos- 
sibly be made, when 7eojoiq has been determined, by the formula 
of the tension coefficient of the colloid. 7 of boiled egg-albumin is 
in solutions of the alkalinity used about —o.1 volt, since salts of a 
higher tension coefficient precipitate and those of a lower dissolve 
this colloid. If the concentration and solution tension of the cation 
attached to the colloid is known, that of the colloid may be found. 

In conclusion, there is one other factor to be mentioned which 
may play a part in colloidal precipitation. It has been observed by 
Freundlich that there is a time element in the precipitation of col- 
loids. That is, if a considerable quantity of salt is added at once, less 
is required to precipitate than if small quantities are added at succes- 
sive intervals. It seems that concentration may play a part in the 
precipitation. I have frequently observed that the first effect of add- 
ing strong solutions may be, in the case of some salts, a solution of 
the colloid; while precipitation comes slowly after a time, or at once 
if weak solutions are used. This is a matter I have not particularly 
investigated, although it seems to me not unlikely that it may play an 
important part in the action of salts on protoplasm. We may be 
dealing here with a concentration chain effect, and it may be possible 
to apply to this case Planck’s formula for the difference in potential 
between two electrolyte solutions where the electrolytes are different 
and the concentration the same, the colloidal ion being regarded as 
having no velocity at all. 

I hope to carry the investigation somewhat further in the direction 
particularly of the antagonistic action of different salts on colloidal 
solutions and the resemblance of these phenomena to the phenom- 
ena of nerve stimulation.! 


SUMMARY. 


1. The precipitation of colloidal egg-albumin, and possibly other 
colloids, is brought about chiefly by an alteration in the surface energy 


1 A friend and former colleague, Dr. C. H. Nielson, has informed me that he 
has also reached the conclusion that both solution tension and valence of the pre- 
cipitating ion play a part in its action. Ouy work has been quite independent and 
is, I believe, mutually confirmatory on these points. 
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of the colloid. The precipitating power of an electrolyte is determined 
primarily by the solution tensions of the ions. The ion of opposite 
sign to the colloid precipitates; the ion of the same sign dissolves the 
colloid, and is not inert, as is often stated. This confirms Pauli’s re- 
sults and my own conclusions upon the physiological action of the 
ions. The precipitating power of the ion of opposite sign and the 
dissolving power of the ion of the same sign is in each case inversely 
proportional to its solution tension. 

2. The action of any electrolyte, whether dissolving or precipitat- 
ing upon colloidal albumin, is determined by the fact that the anion 


or the cation predominates in its action. The oxidizing or reducing 
d 


powers of any salt, and their precipitating or dissolving powers, an 
their toxic action on protoplasm are determined by the formula: 


In this formula e, and e. are the solution tensions respectively ot 
anion and cation in the given concentration, The factor 7 is called 
the fension coefficient of the salt. 


3. If w of the salt is greater, that is, more positive, than 7 of the 


colloid, when the colloid is electro-negative, the salt will precipitate 
the colloid; if it is less than 7,,,,oig, the salt dissolves the colloid. 

4. The difference in precipitating power of salts having ions of 
the same valence is measured by the difference between their tension 
coefficients and that of the colloid. 

5. The valence of the ion of the same sign as the colloid is without 
importance in determining the action of this ion; the valence of the 
ion of the opposite sign to the colloid is of importance. If the va- 
lence is greater than unity, the effect of the polyvalence is to increase 
the precipitating power of the salt. The ion acts as if its solution 
tension was lower than it is. It is possible that a correction can be 
made to the foregoing formula by substituting e A (w—1) in 
place of «, in the numerator of the tension coefficient. In this ex- 
pression e. is the solution tension of the ion of opposite sign to the 
colloid; A is some positive number; and x the valence of the ion. 
The results of this investigation do not permit a calculation of A. 

6. As the valence of the ion of the same sign as the colloid is 
without importance, and as this ion has an opposite action to the pre- 
cipitating ion, it appears that Whetham’s explanation of the impor- 
tance of valence is incorrect. It is suggested that the valence of the 
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polyvalent precipitating ion is of importance because such an ion is 
able to combine with several colloidal particles forming larger aggre- 
gations than an univalent salt of the same tension coefficient. Valence 
influences flocking, according to this explanation, by influencing the 
mass and not the surface energy of the colloidal particles. 

7. The hydrolytic dissociation of the salts of the heavy metals is 
an important factor in their action. 

8. For salts having precipitating ions of the same valence, the 
concentration of the ions of the salt necessary to precipitate a given 
amount of colloid multiplied by the tension coefficient may be ex- 
pected to give a constant. This was found to be approximately true. 
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THE CHEMISTRY OF MALIGNANT GROWTHS. 
IV.—THE PENTOSE CONTENT OF TUMORS. 


iy S. P. BEEBE anpd PHILIP SHAI 
[Contributions from the Huntington Fund for Cancer R 


mental Pathology, Cornell Cuiversity Med. 


INCE the rather well-known observation of Hammarsten! that a 

reducing pentose is one of the cleavage products of pancreas 
nucleoproteid, considerable attention has been paid to the determi- 
nation of the amount of pentose in various nucleoproteids as well as 
in various animal tissues.2, Blumenthal® in 1897 extended the ob- 
servation of Hammarsten by finding pentose among the decomposi- 
tion products of the nucleoproteids of the thymus, thyroid, brain, 
spleen, liver, etc. Grund? made a number of determinations of 
pentose in dried animal tissues and calculated the amount of pentose 
in each organ. Bendix and Ebstein® published a little later a similar 
investigation in which they obtained nearly the same results. In the 
determination of the pentose in human organs obtained at autopsy 
these authors obtained lower results than those for freshly examined 
animal organs, and in a later paper Bendix" reported experiments 
showing that putrefaction destroys the pentose of the tissues. On 
this account he expressed the opinion that determinations of pentose 
in organs, especially the liver, obtained at autopsy from forty-eight to 


ninety-six hours after death, which is not uncommon, are of little 


value, 


1 HAMMARSTEN : Zeitschrift fiir physiologische Chemie, 1894, xix, p. 28. 

2 For a résumé of the literature regarding pentose in the animal organism see 
WOHLGEMUTH: Biochemisches Centralblatt, 1903, i, p. 533; also NEUBERG: 
Ergebnisse der Physiologie, 1904, iii, p. 373. 

8 BLUMENTHAL: Zeitschrift fiir klinische Medizin, 1898, xxxiv, p. 166 

4 GruND: Zeitschrift fiir physiologische Chemie, 1902, xxxv, p. It. 

§ BENDIX and EBSTEIN: Zeitschrift fur allgemeine Physiologie, 1902, ii, p. 2 

® BENDIX: Zeitschrift fiir dietatische und physikalische Therapie, 1903, iii, p. 26. 
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should be noted that these authors claim the destruction of 
pentose is caused by putrefaction, 7. ¢., by bacterial contamination. 
There is no evidence to show that such destruction takes place on 
pure autolysis. Many of the growths from which our analyses were 
made were received at the laboratory fresh from operation, but in all 
tumors which have attained any size one finds products of autolysis. 
Such a condition is very probably not accompanied by the destruction 
of pentose noted by Bendix and Ebstein. 

A number of investigators have caused it to be believed that the 
pentose which is found among the cleavage products of animal tissues 
is derived from the nucleoproteids. Although it is still an unsettled 
question whether nucleoproteids do not exist also in the protoplasm 
of the cell and in extracellular localities, it seems fairly certain that 
they are largely characteristic of the cell nucleus, functionally the 
most important part of the cell. In making a chemical study of 
tumor tissues it is important to determine whether the nuclear material 
contained therein is in any way different from that contained in 
normal cells, for unquestionably the nucleus is largely concerned in 
the peculiar metabolism of malignant growths. It seemed therefore 
of interest to determine the amount of pentose in a number of tumors. 
In some cases the apparently normal tissue surrounding the growth 
was analyzed for comparison. The total phosphorus which is like- 
wise chiefly found in the nucleoproteids was also determined. 

Attention has been called recently to the pentose in tumors by 
Neuberg, who claims to have found a reducing pentose! by the 
autolysis of a carcinoma of the liver, while he was not able to find 
such a product from the autolysis of normal liver tissue. Further, 
he has found that the secondary growth in the liver yielded pentose 
on autolysis, while the primary growth in the stomach did not. He 
has made only ene observation in each case, so that it is impossible 
to say how true this principle will hold. His work must be accepted 
rather as a suggestion than as a demonstrated fact. 

The Tollens * method was used for the determination of the pentose 
and was carried out briefly as follows. The tissue, previously dried 
at 100 and extracted thoroughly with ether, was distilled with 150 
cubic centimetres of 12 per cent hydrochloric acid until 75 cubic 
centimetres of distillate had been obtained. 75 cubic centimetres of 


1 NEUBERG: Berliner klinische Wochenschrift, 1904, xl, p. 1080. 
2? NEuUBERG: Berliner klinische Wochenschrift, tg05, v, p. 118. 
> TOLLENS: Zeitschrift fiir physiologische Chemie, 1902, xxxvi, p. 239. 
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12 per cent hydrochloric acid were added, and another 75 cubic centi- 
metres distilled over. This process was repeated until 400-450 cubic 
centimetres of the distillate were obtained. The distillate was filtered 
from the fatty acids which were invariably present in considerable 
quantities even when the tissue had been thoroughly extracted with 
ether, the filter washed with about 50 cubic centimetres 12 per cent 
hydrochloric acid, and the furfurol precipitated in the filtrate as the 
phloroglucid by the addition of a 0.5 per cent solution of phloroglucin 
in 12 per cent hydrochloric acid. After standing from forty-eight to 
ninety-six hours, the precipitate was filtered on dried weighed filters 
(S and S, 589, white ribbon), washed free from acid, dried at 100° and 
weighed. From the weight of the phloroglucid the amount of pentose 
was calculated by the arbitrary method of Tollens. The results were 
calculated as L-xylose, which is according to Salkowski and Neuberg! 
the pentose derived from the nucleoproteids of the pancreas. Ac- 
cording to Wohlgemuth? L-xylose is the pentose derived from the 
liver nucleoproteid, and so far no other pentose has been identified 
as being derived from the nucleoproteids of animal origin. 

A correction which we have added to the weight of the phloroglucid 
in our calculations needs a brief explanation. The difficulty of ob- 
taining accurate results in weighing precipitates on dried filters is 
notorious.’ The filters which we used (see above), were dried at 
105 in weighing bottles and weighed after cooling in a desiccator — 
both before and after filtering. It was found that such filters invari- 
ably lost in weight by washing with 500 cubic centimetres 12 per 


cent hydrochloric acid, and then with water till free from acid. In 


seven filters treated in this way the loss varied between 0.0008 and 
0.0030 gm., the average loss being 0.0019. This amount has there- 
fore been added to the weight of the phloroglucid in each case. 
By the method of calculating the pentose proposed by Tollens, a 
correction of 0.0052 gm. is added to the weight of the phloroglucid, 
and the sum is multiplied by 0.92, which gives the weight of the 
xylose. We have added (0.0052 + 0.0019 =) 0.0071 gm. to the 
weight of the phloroglucid and multiplied the sum by 092. This 
method of calculation is of course not based upon any theoretical 
grounds, but upon factors which have been determined by experiment. 
It is probable that the results do not represent great accuracy, but 


1 SALKOWSKI and NEUBERG: Berichte der deutschen chemischen Gesell 
schaft, 1902, xxxv, p. 1467 
2? WOHLGEMUTH: Zeitschrift fiir physiologische Chemie, 1902, xxxvii, p. 475 
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for comparative purposes it is believed that they are sufficiently 
reliable. The differences between many of our results are marked 
and well beyond the limits of error in the methods. 

The phosphorus was determined by the Neumann! method upon 
the same tissues as were used for determining the pentose. Both 
phosphorus and pentose were calculated as percentages of the dried, 


fat free tissues. 
The results show no striking differences from what may be called 


the normal content of pentose. In general the amount of pentose 


Ratio of 
xvlose- 
phosphorus. 


_ Per cent Per cent 
Tissue. 
xylose. phosphorus. 


Normal breast . 
Normal breast (two months pregnant) 


Normal secreting breast (case of puer- 
peral septicemia) ....... . 

Normal breast tissue (from a number of 
carcinoma cases) 


. Carcinoma of the breast 
Scirrhus carcinoma of the breast 


Scirrhus carcinoma of the breast. (The 
tissue in this case had been extracted 
with salt solution before drying) 


was larger than is usually found in normal tissues of the correspond- 
ing organ. This might be explained on the ground of there. beipg 
more nuclear material in the tumor tissue, but this explanation does 
not apply to all cases. 

In these breast cases it is seen that the normal content of pentose 
in the resting gland is about 0.23 per cent, and this figure is slightly 
increased during secretion. In one case the normal gland tissue 
surrounding the carcinoma contained so small a quantity of pentose 
that no phloroglucid precipitate could be obtained in the hydro- 
chloric acid distillate. In the carcinoma tissue the pentose is nearly 
doubled and in the last scirrhus growth nearly trebled. The curious 
part of these findings is that the scirrhus tissue contained a great 
deal more pentose than was found in the simple carcinoma, although 
morphologically the latter has much more nuclear material. We 


1 NEUMANN: Zeitschrift fiir physiologische Chemie, 1902, xxxvii, p. I15. 
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must either suppose, then, that the nucleic acids of the growths are 
variously constituted, or that some pentose in the case of the scirrhus 
growths has been derived in part from the extra-nuclear portions of 
the tissue. The last tumor was a very large growth of its kind, but 
the total quantity of nuclear material was small. It seems hardly 
probable that we can establish any definite figure as the usual 
pentose content for a breast carcinoma. There is a considerable 
variation in the pentose content of normal organs, and it is probable 
that this holds true for malignant growths. 


1. Normal liver No. ] 
2. Normal liver No. 2 


3. Carcinoma of the liver. (Primary in the 

4. Carcinoma of the liver. (Primary in the 

5. Carcinoma of the liver. (Primary in the 

Carcinoma of the stomach. (Not con- 

nected with the above case) a 

Carcinoma of the liver. (Primary in the 
pancreas) 


Normal liver tissue in the above case 


There is no organ in which metastases are more likely to form 
than in the liver, and we have analyzed a number of growths from 
this organ in the hope of finding some relationship between the 
primary and the secondary growths. It is rarely possible to get 
good samples of both tissues from the same patient for analysis, so 
that we have had to compare the primary growth in one patient with 
a similar secondary growth in some other patient. 

Very little generalization can be made from these cases because 
of the great differences which they show. Some interesting com- 
parisons may be made, however. Attention is called to the first 
three analyses shown in the preceding table, where it is seen that the 
figures obtained for normal liver tissue are very close to those 
obtained in the growth which was primary in the liver. The normal 
liver tissues cited above came from healthy persons of thirty-four and 
forty years who had been accidentally killed. They differ, indeed, 


Rat f 
Per cent Per cent 
Tissue x 
xvlose sphorus. | f 
0.38 1.04 6.0 
0.39 1.065 
033 0.93 35.0 
0.2] 1.08 19.5 
0 42 l.] 360 
0.46 1.20 38.0 
0.68 0.94 72.0 
0.63 1.03 61.0 
x 
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from the figures obtained by Grund,! who found the liver to contain 
0.56 per cent pentose reckoned as xylose, but our analyses were in 
all cases made on human tissues which had been obtained in good 
condition. It is hardly probable that liver tissue from calves is in 
chemical constitution precisely like the human organ. This carci- 
noma, primary in the liver, was a case in which nearly all of the 
liver tissue had been replaced by carcinoma, so little pure normal 
tissue being left that we could not get a sufficient amount for these 
analyses. It is difficult to understand how life could have existed 
under such circumstances long enough to permit the development of 
so extensive a growth, unless one assumes that the tumor cells per- 
formed .some of the functions of normal hepatic cells. This is the 
only tumor primary in the liver that we have been able to obtain. 
The close similarity between the tumor tissue and the normal tissue 
in both pentose and phosphorus in this liver case stands in striking 
contrast to the findings in the breast cases. 

In contrast to all the others in this group is number 4, a growth 
primary in the breast, which shows a low pentose content very 
similar to normal breast tissue. (See first table.) The phosphorus 
content is that of normal liver tissue, while the pentose is very nearly 
identical with normal tissue surrounding the primary growth. 

In number 5, the carcinoma of the liver which was primary in the 
stomach, we found a pentose and phosphorus content which is almost 
identical with that found by the analysis of a primary carcinoma of 
the stomach. The figures in this case and the third of the above 
tables lead to the suggestion that the pentose content of the 
metastases is very similar-to that of the primary growth. Such a 
finding would be well in accord with the usual explanation of the 
formation of metastases. Indeed, if one accepts the explanation for 
the formation of metastases by the transferring of cells from the 
primary growth through the various paths of the circulation, one 
is almost forced to the belief that the secondary growths should have 
an identical composition with the primary tissue. One of us has, 
however, recently expressed the opinion that the secondary growth 
may be influenced somewhat by the tissues which surround it. The 
presence of nucleohiston in the lymph gland metastases found by 
Bang and also by one of us* was explained in this way. 

It is possible that the figures shown in the last two analyses of 
the table given above may be reasonably explained by such a prin- 


1 GrunpD: Loc. cit 2? BEEBE: This journal, 1905, xiii, p. 341. 
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ciple. The tumor, primary in the tail of the pancreas, does not show 
the high pentose content one would expect from a growth in this 
organ, but it does resemble very closely the normal liver tissue 
surrounding the nodules in the liver. This normal tissue is not to 
be understood as normal in the same sense that numbers 1 and 2 of 
the above table are. Unfortunately we could get none of the primary 
growth for analysis, so that our opinion regarding it is based upon 
what we suppose would be its pentose content from analogy with 
the high percentage obtained from normal pancreas tissue. After 
all, it is a mere conjecture. One thing does appear plain from these 
analyses. The phosphorus is quite constant, while the pentose shows 
wide variation, and it is quite impossible to establish any figure as 
being normal for carcinoma of the liver. Probably further analyses 
will show a pretty definite relation between the content of pentose in 
the primary growth and the corresponding secondary growths in the 
liver. 

In order to determine whether such a process as fatty degeneration 
would have a marked influence on the pentose content, two livers 
from cases of acute yellow atrophy were subjected to the same 
processes of analyses as the tumors. 
| Ratio of xylose 

phosphorus 


Per cent Per cent 


Acute yellow atrophy. 
xylose. phosphorus. 


1. But little degenerated . . | 0.51 
> 


2. Badly degenerated . . . | 0.46 


The percentage of pentose is higher than was found for perfectly 
normal liver tissue. It is possible that in these livers some of the 
proteid has been changed to an ether soluble substance which would 
be removed in the course of preparing the tissue for analysis, and the 


pentose, although unchanged in absolute amount, would form a 


higher percentage of the tissue which remained after extraction with 
ether. The fact that we obtained a lower percentage of pentose in 
the liver which contained the more fat by 20 per cent speaks de- 
cidedly against such an explanation, and we are of the opinion that 
such a process of autolytic degeneration as we have in these livers 
probably has little effect on the percentage of pentose. 

A number of other tumors which do not form a related series were 
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analyzed. The difficulty of getting suitable material for comparison 
and corroboration has led us to include the results in this paper. 


1p: Per cent Per cent Ratio of xylose- 
issue. : | 
xylose. phosphorus. | phosphorus. 
Carcinoma of the ovary. . 1.00 
Hypertrophied testicle . . . . 0.48 


Round cell sarcoma . 


The tumor in this list giving the highest pentose percentage was 
badly degenerated. In no case has there been evidence that a 
degenerated condition of the tissue is accompanied by low pentose 
figures. 

The danger of drawing conclusions from few analyses is well 
illustrated by the figures given herewith. If we had been unfortunate 
enough to have analyzed only the first three tissues given in the 
second table, an interesting theory might have seemed to have convinc- 


ing evidence. The great need in the study of malignant growths is 
additional facts; there are plenty of theories. Our analyses are com- 
municated rather because they represent additional facts of a nature 
not easy to get than because they throw any striking light on the 
present discussions of the cancer problem. 
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ON THE UTILIZATION OF VARIOUS CARBOHYDRATES 
WITHOUT INTERVENTION OF THE ALIMENTARY 
DIGESTIVE PROCESSES. 


By LAFAYETTE B. MENDEL anp PHILIP H. 


[From the Sheffield Laboratory of Physiological Chemistry, 4 


id is commonly accepted that carbohydrates must be converted 
into monosaccharides before they can enter to any extent into the 
processes of intermediary metabolism. This assumption is based in 
general upon two series of experimental observations, namely, that 


(1) only those poly- and disaccharides which can undergo such 


cleavage in the body serve as glycogen formers; and (2) when these 
carbohydrates are introduced into the circulation without previous 
digestive changes they may reappear in large proportions in the 
urine, unless the blood contains appropriate enzymes to convert them 
into dextrose and similar sugars. The monosaccharides are thus 
primarily the “ physiological” carbohydrates capable of direct utili- 
zation in the organism of higher animals. 

The assimilation of carbohydrates introduced into the body in a 
parenteral way, that is, with avoidance of the alimentary digestive 
tract, has been studied by several investigators. Bohm and Hoff- 
mann ! injected glycogen in doses of 3 to 10 gm. slowly into the cir- 
culation of cats. The urine subsequently contained, in addition to a 
reducing compound (presumably dextrose), a substance apparently 
identical with achroodextrin and producing a dextrorotation of 
+194°. The solutions of the urine carbohydrate were not opalescent 
and gave no color with iodine solution. Dastre and Bourquelot * 
studied the utilization of maltose introduced subcutaneously and in- 
travenously in animals; they found it to compare favorably with that 
of dextrose and to be far better than that of cane sugar. Maltose 
was recovered in the urine in quantities ranging from 8 to 30 per 


1 BOum and HOFFMANN: Archiv fiir experimentelle Pathologie und Pharma- 
kologie, 1877, vii, p. 489. 
2 DASTRE and BoURQUELOT: Comptes rendus, 1884, xcviii, p. 1604 
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cent; the amounts of saccharose recovered varied from 30 to 95 
per cent. Dastre! subsequently examined the direct utilization 
(or retention) of lactose and its inversion products, galactose and 
dextrose, by the methods of intravenous injection and perfusion of 
organs. The lactose was scarcely retained, and Dastre groups the 
sugars investigated in the following series in the order of increasing 
utilization: saccharose, lactose—maltose—galactose, dextrose. In 
his classic paper on glycogen formation, C. Voit? has recorded ex- 
periments (by G. Lusk) on the relative amounts of glycogen found 
in the liver after subcutaneous administration of various sugars to 
rabbits in 50 gm. portions, as follows: 


After dextrose injections the liver contained 5.0 per cent. 


0.7 “ce 


saccharose 
lactose 0.8 


The loss of sugars in the urine was least in the case of dextrose and 
greatest with lactose. Subsequently F. Voit® made a careful study 
of the excretion of various sugars by the kidneys after subcutaneous 
administration in man. The doses approximated 10 gm., although 
they ranged from 1.5 to 25 gm. for some of the carbohydrates. In 
the case of dextrose, fructose, galactose, and maltose practically no 
sugar was recovered; saccharose and lactose were eliminated almost 
quantitatively. The pentoses were poorly utilized, and reappeared in 
about one-half the original quantity. Of sorbinose, which is not 
attacked by yeast, 36 per cent was recovered; while of the raffinose 
injected two-thirds or more reappeared in changed form in the urine. 
In connection with our experiments, particular interest is attached to 
F. Voit’s experience with polysaccharides. The quantities eliminated 
in the urine are tabulated below : 


Gsiycogen (one trial) . . .. « None. 


Erythrodextrin (one trial) . 
Achroodextrin (two trials) 
Amylodextrin (three trials) 


14 per cent. 
24 and 34 per cent. 
10, 15, and 28 per cent. 


1 DastTrRE: Archives de physiologie, 1889, p. 718; 1890, p. 103. 

2 Voit, C.: Zeitschrift fiir Biologie, 1892, xxviii, p. 245. 

§ Vorr, F.: Miinchener medicinische Wochenschriit, 1896, p. 717; Deutsches 
Archiv fiir klinische Medicin, 1897, lviii, p. 521. 
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Teissier and Zaky! administered repeated smail doses of glycogen 
intravenously to rabbits until a total of 1 to 1.5 gm. per kilo was 
introduced. Glycogen was not observed in the urine, although sugar 
was once reported. The animals died. 

Various investigators have considered the absolute quantities of 
different sugars which can be introduced into the body per os or 
parenterally without loss of carbohydrate in the urine. The most 
recent study, by Blumenthal,” has established the limits for the com- 
plete assimilation of a number of familiar sugars after intravenous 
infusions in rabbits as follows : 


Poe dextrose . . .O-2.5 grams. 
fructose 
galactose 
saccharose 


lactose 


This relatively poor utilization of the disaccharides corresponds with 
the experience of other investigators as already noted, and plainly 
indicates the importance of inversion of these sugars prior to their 
metabolism. 

Our attention has been directed to this subject in connection with 
the recent discussions on subcutaneous nutrition.? P. Mayer? reports 
v. Leube and Giirber as having found in animal experiments that 
dextrin, administered subcutaneously, was readily absorbed, but 
reappeared unconverted in the urine; 15 per cent solutions of gly- 
cogen, on the other hand, were assimilated under similar condi- 
tions without elimination of any appreciable carbohydrate in the 
urine. Mayer has repeated these experiments on rabbits with ery- 
throdextrin and glycogen. He found that 34 to 50 per cent of the 
subcutaneously introduced dextrin escaped oxidation and could be re 
covered from the urine in the changed form of achroodextrin, although 
twice the quantity used (10 gm.) could be administered per os with- 


out yielding a trace of carbohydrate in the urine. Glycogen was 


1 TEISSIER and ZAKY: Comptes rendus de la société de 
p- 1098. 

* BLUMENTHAL: Beitrage zur chemischen Physiologie. 1905, vi, | 
literature is reviewed in this paper 

3 Cf. v. LEuBE: von Leyden’s Handbuch dey Ernahrungstherapie, 1903, 
p- 393; MARIANI: Jahresbericht fiir Thierchemie, 1897, xxvii, p. 577; CORRADI 
tbid., 1898, xxviii, p. 513; GUMPRECHT: 1895, xxviii, p. 514. 

4 MAYER: Fortschritte der Medicin, 1903, xxi, p. 417 
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given subcutaneously in quantities of 5 gm. without any loss through 
the kidneys. 

The difference here reported between the physiological behavior 
of glycogen and dextrin, in correspondence with F. Voit’s experience 
on man, is noteworthy. The theoretical consequences have already 
been pointed out by Mayer. Either the glycogen is used directly in 
the organism without conversion into dextrose, or the dextrin formed 
from glycogen in hydrolysis by the animal enzymes differs from the 
ordinary dextrin obtained by digestion of starch in the laboratory. 
It appears as if dextrins are not utilized without preliminary conver- 
sion to ‘sugar, and the blood contains no specific dextrinase. An 
amylase is known to occur in the blood; “and since, as far as we 
are aware, starch cannot be converted to sugar except through the 
stage of dextrins, contradictions arise which future investigation 
alone can explain.” 

A repetition of the injection experiments with glycogen has given 
us somewhat different results indicating no such profound difference 
between this carbohydrate and dextrin in its parenteral utilization. 
The trials were conducted on rabbits, cats, and dogs, both subcutane- 
ous and intraperitoneal injections being employed. In view of the 
results noted, the experiments were extended to include a number of 
other polysaccharides: soluble starch (amidulin), inulin, isolichenin, 
as well as ovomucoid and saccharose. The carbohydrates were in- 
jected in sterile solutions. The urine, removed by catheter from the 
dog and collected from the other animals in cages, was always exam- 
ined in the polariscope, after decolorization with lead acetate; reduc- 
tion tests were also made upon the fresh urine, and the carbohydrates 
were isolated wherever the quantities permitted. The urine was col- 
lected in every case until no appreciable rotation was obtained. The 
rate of elimination varied considerably with the different carbohy- 
drates. Only a few of the protocols are reproduced here in detail. 


Injection of glycogen. Subcutaneous. L.xferiment 10.—A medium- 
sized rabbit received 2.1 gm. of glycogen in solution. The urine of the 
following day (80 c.c.) gave a rotation of +0.55 in a 2 dem. tube. 
Calculating the rotation as due to glycogen ([a@],) = +196 according to 
Huppert) o.11 gm. was recovered. The urine gave no direct reduction 
with Fehling’s solution. The exact nature of the excreted carbohydrate 
was not determined. The urine subsequently showed no rotation. 


Experiment 3.— A rabbit weighing 2.7 kilos received 2.4 gm. of glycogen 
dissolved in 30 c.c. of water. Calculated as glycogen from the dextro- 
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rotation of the urine, 0.29 gm. was recovered in the two days following. 
The urine gave no reduction test. 


Experiments 1 and 12.— A rabbit weighing 2.7 kilos received 30 c.c. 
following the urine collects d 


8 per cent glycogen solution. On the da 


gave no rotation. The urine of the second day (200 c.c.) gave a rotation 
in a 2 dem. tube = +0.66’, equivalent to 0.3 gm. glycogen. No sugar 
was present. Another small rabbit, observed one day only, eliminated 


100 ¢.c. urine with a rotation of +0.4 (2 dem. tube)=o0.1 gm. glyco- 


gen, after receiving 2.1 gm. The animal died before the experiment was 


completed. 


Experiment 7. A small cat received 1.74 gm. of glycogen dissolved in 
30 c.c. of water. The observations were discontinued before the urine 
was entirely devoid of rotating power. Within two days, however, the 


urine showed rotation equivalent to 0.32 gm. of glycogen. 


Intraperitoneal. Lxperiment 24. — A bitch weighing 8} kilos received 2.8 
gm. of glycogen in solution. The urine of the next thirteen hours gave 
a rotation equivalent to 0.09 gm. of glycogen. Subsequently the urine 


was normal. 


Experiments 11 and 13.— A small rabbit received an injection of 2.16 gm 
of glycogen, and a rotation equivalent to 0.26 gm. glycogen was observed 
within the following two days. When 4.6 gm. of glycogen were injected 
into another small rabbit (1.5 kilos in weight) the equivalent of 0.54 gm 
was similarly recovered within forty-eight hours 

Experiment’ 14. — The rabbit used in Experiment 13 received 


i 


glycogen. The urine indicated an excretion of 0.68 gm. glycogen. 


The urines from Experiments 13 and 14 were united, treated with 
lead acetate and filtered. After removal of the excess of lead from 
the filtrate with hydrogen sulphide, the fluid was concentrated and 
precipitated with alcohol. The precipitate, dissolved in water, gave no 
characteristic color with iodine solution and did not reduce Fehling’s 
solution until it had been inverted with acid. The transformation 
product of glycogen therefore resembles achroodextrin in corre- 
spondence with observations of BGhm and Hoffmann. In the preced- 
ing protocols the output of carbohydrate has been calculated by the 
use of the factor for the specific rotation of glycogen ( [a], = +196°). 
In view of the lower specific rotation of dextrins (+180°) the figures 
for excreted carbohydrate are, if anything, too small. 
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Injection of dextrins. Subcutaneous. — The dextrin used was pre- 
pared by digestion of starch with saliva, being precipitated from the 
products of amylolysis by alcohol and purified by repeated precipita- 
tion. Dissolved in urine it afforded a dextro-rotation over three 
times as great as that of dextrose. Dextrin was recovered as such 
from the united urines of Experiments 2 and 3 below, by the method 
just described under glycogen. 


Experiments 2 and 3.— A rabbit weighing 2700 gm. received 2.5 gm. (in 
24 c.c.) and 2.0 gm. (in 24 c.c.) respectively in two trials. The corre- 
sponding urines contained 0.59 gm. and o.22 gm. of dextrin, and gave 


negative reduction and fermentation tests. 


Experiments 4 and 6.— A small cat received 3.5 gm. (in 30 c.c.) and 2.0 
gm. (in 20 c.c.) in two separate trials. The corresponding urines were 
free from fermentable or reducing sugar and showed rotations equivalent 
to 0.88 gm. and o.45 gm. of dextrin respectively. By benzoylation of 
the combined urines and subsequent saponification of the benzoate with 
sodium ethylate, a small quantity of dextrin-like substance was isolated.’ 


Injection of soluble starch. Intraperitoneal. — Soluble starch (amid- 
ulin) was prepared according to the method of Syniewski? and after 
hydrolysis yielded dextrose equivalent to 84.4 per cent of starch. 
The specific rotation of the carbohydrate was determined ([a]) = 
+199°) and the output of soluble starch in the urine estimated on 
the basis of the data thus obtained. 


Experiment 18.— A small rabbit received 2.5 gm. of the soluble starch. The 
urine of the following day (130 c.c.) gave a rotation of +2.13 in a 
2 dem. tube. An equivalent of 0.76 gm. soluble starch was recovered. 


Experiment 19.— A bitch weighing 8} kilos received 75 c.c. of a solution 
containing 6.4 gm. of soluble starch. A total of 0.43 gm. was recovered 
within fifteen hours. 


From the urine of Experiment 18 a dextrin-like substance was 
isolated. It gave a purple-blue reaction with iodine solution, no 
reduction previous to hydrolysis, and was sufficiently pure to indicate 
a specific rotation of +174.6°. Considering the difficulty of any sat- 


1 Cf. LEMAIRE: Zeitschrift fiir physiologische Chemie, 1896, xxi, p. 442 for 
methods. 
2 SYNIEWSKI: Berichte der ‘deutschen chemischen Gesellschaft, i897, xxx, 


Pp. 2415. 
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isfactory isolation from urine, it is probable that the product excreted 
represents the injected carbohydrate altered only slightly, if at all. 
Injection of inulin. Intraperitoneal.— A study of the behavior of 
inulin in this connection is of especial*interest, since no inulase has 
yet been found in the animal body,! although the carbohydrate is 
readily hydrolyzed to levulose by means of dilute acids. The 
glycogen-forming properties of inulin are likewise uncertain or mini- 
mal.2, Warm solutions were injected into rabbits. In the estimation 
of the output of inulin the specific rotation ( [a], =—39.5°) corre- 
sponding with the results of Dean’s observations was applied.” 
Experiments 15 and 16.— A small rabbit received 2.8 gm. of inulin in 40 c.c. 


of water. The urine of the next thirty-six hours contained 2.2 gm. of 


inulin. It gave no reduction with Fehling’s solution. The same animal 


subsequently received 2.2 gm. of inulin. The‘urine of the next twenty- 
four hours (350 c.c.) gave no appreciable reduction ; but after being 
cooled, it deposited characteristic spheroids of inulin. ‘The urine was 
hydrolyzed with one-half per cent sulphuric ‘acid —one and one-half 
hours on a water-bath — and after neutralization the inulin was estimated 
from the levulose determined by Allihn’s gravimetric copper method. 


The inulin recovered was 1.43 gm. 


Injection of isolichenin. Intraperitoneal. — The preparation and 
properties of this carbohydrate from Iceland moss (Cetraria islandica), 
resembling soluble starch in some respects, have been described in a 
previous paper from this laboratory.4 Dextrose is formed from it 
by hydrolysis with acids; isolichenin, however, is peculiar in its 
resistance towards ordinary amylolytic enzymes. The carbohydrate 
in the urine was roughly calculated as dextrin ([@], = +180°) from 
the observed rotation. 


Experiment 17. — After injection of 1.76 gm. of isolichenin in a 1 
urine of the next twenty-four hours (go c.c.) gave a rotation 
2 dem. tube = 0.2 gm. as dextrin. The experiment was here interrupted 
Subsequent experience showed that the elimination of this carbohydrate 


is very slow, hence the entire output was probably not obtained 


' Cf. CHITTENDEN: This journal, 1898, ii, p. xvii; RicHaup: Compt 
de la société de biologie, 1900, lii, p. 416; Bieri and PorTIER 
For the properties of inulase cf. DEAN: Botanical Gazette, 1903, xxxv, p. 2 
* MENDEL and NAKASEKO: This journal, 1g00, iv. p. 246. 
> DEAN: American chemical journal, 1904, xxxii, p. 69. 
4 Brown: This journal, 1898, i, p. 458. 
5 Most of the material used in these experiments was prepared by 
GIBSON. 
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Experiments 20, 21, and 22.— A bitch of 84 kilos in weight received 1.5 gm. 
of isolichenin in 60 c.c. of water. The carbohydrate recovered was 
equivalent to 0.64 gm. dextrin. In a second trial with 1.15 gm. a con- 
siderable output was noted. ‘The loss of a portion of the urine vitiated 
the quantitative estimation. In a third experiment with an injection 
of 0.8 gm., an equivalent of 0.17 gm. (as dextrin) was recovered. A 
dextrin-like carbohydrate was isolated from the combined urines. 


Injection of saccharose. Intraperitoneal. Zxferiment 23.— For purposes 


of comparison the bitch weighing 8} kilos received 3 gm. of pure 
saccharose. The urine which gave no reduction with Fehling’s solution 
before heating with acid contained 1.5 gm. of saccharose within the next 
twenty-four hours and none thereafter. 


Injection of ovomucoid. Intraperitoneal.— The glycoproteid was 
prepared in the usual way from hens’ eggs and injected into rabbits. 
No reducing substance was found in the urine, although the mucoid 
yields nearly 30 per cent of glycosamine after hydrolysis with acids." 


Experiments 8 and 9. — The quantities injected were 1.4 gm. and 2.6 gm. 
The urines were slightly levorotatory and gave proteid reactions. 


The results of these experiments are summarized in tabular form on 
the next page. The figures indicating the quantities of carbohydrate 
eliminated must be regarded at most as approximate only, in view of 
the various inaccuracies necessarily involved in the assumptions made 
and explicitly stated in the protocols. Nevertheless they may serve 
for purposes of comparison. 

The preceding experiments have failed to indicate any profound 
qualitative difference between glycogen and dextrin in their paren- 
teral? introduction into animals. It appears as if glycogen were 
retained slightly better than dextrin when all the quantitative data 
available are taken into account. At present we find no occasion, 
however, for assuming any specific peculiarity in the physiological 
utilization of glycogen. The failure of the organism to retain those 
carbohydrates which it is not fitted to transform by means of enzymes 
is well illustrated in the case of inulin and, less markedly, with isoli- 
chenin — both compounds not profoundly altered by ordinary amy]l- 

' COHNHEIM: Die Eiweisskérper, 1904, p. 279. 

2 We have adopted this convenient expression from OPPENHEIMER: Beitrage 
zur chemischen Physiologie, 1904, iv, p. 267, to indicate any mode of introducing 
substances into the body with avoidance of the alimentary tract; 7. ¢., by subcus 
taneous, intraperitoneal, or intravenous injection. 
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Substance 


Kind of 
injected 


injection 


intraperitoneal 


subcutaneot 


intraperitoneal bitch 


rabbit 


Isolichenin 


saccharose 


Ovomucoid subcutaneous 


The experiment was incomplete 


olytic enzymes of animal origin. 


Renewed evidence is thereby 
afforded of the importance of the alimentary digestive changes in 
the metabolism of carbohydrates. 
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cu cu 
grams grame per cent 
10 Gly ogen subcutane Is rabbit 2.1 U.11 5 
3 2.4 0.29 12 
] 2.4 0.3 12 
12 ‘i 2.1 0.1 4 51 
7 cat 1.74 0.32 1s! 
24 bitch 25 
1] rabbit 2.16 0.26 12 
13 “ 16 0.54 12 
14 +.0 0.65 17 
2 Dextrins 0.59 23 
3 as 2.0 0.22 11 
} cat 3.5 { SS 25 
19 | Soluble starch | 64 0.43 
15 Inulin 2.8 78 
16 2.2 1.43 65 
17 1.7¢ 02 
20 “ bitch 1s 0.64 42 
23 3.0 1.5 
8 ee rabbit 1.4 no sugar 
9 = 24 


THE EFFECT OF HYPNOTICS AND ANTIPYRETICS ON 
THE RATE OF CATALYSIS OF HYDROGEN DIOXIDE 
BY KIDNEY EXTRACT. 


By C. HUGH NEILSON anp OLIVER P. TERRY. 


[From the Medical Department of St. Louis Universit -] 


HE effect of external factors, such as changes in temperature, 

antiseptics, anzsthetics, neutral salts, etc., has been studied by 
many investigators. From the numerous investigations on the effect 
of neutral salts on enzymatic action, it has been established that the 
bromides of sodium and potassium have d retarding action on the 
rate of enzymatic action in general, but especially on the rate of 
catalysis of hydrogen dioxide by tissue extracts. 

The bromides have a wide field of application as therapeutic agents, 
among which is their use as hypnotics and nerve sedatives. As they 
have such a pronounced retarding action on the rate of enzymatic ac- 
tion, it occurred to us that it would be interesting to test the effects 
of hypnotics in general on the rate of catalysis of hydrogen dioxide 
by a watery extract of kidney. 

The hypnotics used for these experiments were those commonly 
used as therapeutic agents to produce hypnosis. However, some of 
the well-known hypnotics were not used in these experiments, as 
they are not sufficiently soluble in water to carry out the experiments. 
Among these may be mentioned sulphonal, trional, tetronal, etc. 

We also thought it would be interesting to test the effects of anti- 
pyretics and compare their actions with those of the hypnotics. We 
encountered the difficulty that, as a rule, the antipyretics are in- 
soluble in water. Antipyrene, being the only one sufficiently soluble 


in water for our purpose, was ‘therefore used. 
We did not test the other nerve sedatives, such as opium, ether, 
chloroform, the bromides, nitrites, etc., as many of these have been 


worked out by other investigators. It may be said, however, that 
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these substances have, as a rule, a retarding action on the rate of 
enzymatic action. 

In carrying out these experiments the method was as follows: 
The tissue extracts were made by grinding fresh beef kidney and 
extracting the pulp with water. This extract was very stable and 
perfectly neutral to litmus. 25 c.c. of distilled water as a control, or 
25 c.c. of the solution to be tested, together with § c.c. of the extract, 
were placed in 200 c.c. wide-mouthed bottles. These bottles were 
fitted with a two-hole rubber stopper. A delivery tube was carried 
from the bottles to eudiometer tubes, and the amount of oxygen 
liberated was noted at the end of one and two minutes. §5 c.c. of 
hydrogen dioxide were put into the bottle through the second hole 
in the stopper, and the bottles were gently shaken during the 
experiment. 

A control of distilled water was always made with the solution to 
be tested. 

The results are seen in the following table: 


CONCENTRATION. 


Cubic centimetres of oxygen. 


l 2 l 2 l 2 l 2 l 2 

min min. min. min. min. min min min. min min. 
Chloretone ne 7 12.0 | 7 13.0 90 
Chloralamid 5.0 2 14.0 
Chloral hydrate 7 : 2 3 14.0 
Bromidia 5.: 5 7 ‘ 13 
Paraldehyde 
Urethane 
Hedonal 
Antipyrene 


Water 


5 2 1% ; : 
m 
14.0 
14.0 
14.0 
14.0 
9.0 14.0 
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From these results it is seen that the general effect of the hyp- 
notics is to retard the rate of catalysis. It will be further noticed 
that the degree of their retarding action is as follows. Chloretone is 
the most powerful. Then follows chloralamid; chloral hydrate; 
bromidia; croton chloral; paraldehyde; urethane; hedonal, in the 
order named. The strong inhibiting power of bromidia is, in all 
probability, due to the bromide contained in the mixture. 

These hypnotics when used as therapeutic agents have approxi- 
mately the following power: Chloretone is the most powerful. Then 
follow chloralamid and chloral hydrate, which have about the same 
power in’ producing hypnosis; then, croton chloral. The rest have 
about the same degree of power, with the exception of hedonal, 
which is a more powerful hypnotic than urethane, but its action is 
uncertain. 

We thus see that there is a marked comparison between their 
actions as hypnotics and their retarding actions on the rate of 
catalysis of hydrogen dioxide. 

It will further be seen that antipyrene has a stimulating effect on 
the rate of catalysis. This is interesting, but it would not be safe to 
assert that all antipyretics stimulate, on the basis of the action of 
antipyrene. 

Bunge says that “life is a manifestation of the action of enzymes.” 
It is therefore within the field of speculation that the action of hyp- 
notics in producing hypnosis may be due to their retarding action 
on enzymatic activities. 

It is not safe to assert that hypnotics produce their effects by 
retarding enzymatic action, and antipyretics their effects by stimu- 
lating enzymatic action. 

The primary effect of hypnotics is that of a nerve sedative with a 
secondary antipyretic effect. 

Most of these hypnotics have a tendency to lower the body tem- 
perature in small doses; but in large doses they produce a fall in 
temperature, not because of their nervous effect, but because they 
produce a weakening of the circulation and a weakening of the 
cardiac power. 

Antipyrene has no effect on the temperature of normal animals, 
but on fevered animals it produces a lowering of temperature, 
probably by decreasing heat production and increasing heat dissipa- 
tion. The decreased heat production is possibly brought about 
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by a stimulation of the thermolytic centre, thus decreasing heat 
production. 

From this viewpoint it is possible to see that there is a com- 
parison between the therapeutic action and their action on the 
catalysis of hydrogen dioxide. 


ON THE PATHS OF ABSORPTION FROM THE LIVER. 


By LAFAYETTE B. MENDEL anp FRANK P. UNDERHILL. 


[From the Sheffield Laboratory of Physiological Chemistry, Yale University.] 


HE recent discussions of the pathogenesis of icterus have 
again raised the question as to the paths by which the bile 
constituents find their way into the blood in this pathological con- 
dition.! So long as the existence of perivascular lymph spaces or 
intralobular lymph vessels was denied or uncertain? the participation 
of the lymphatics in the pathological re-absorption and distribution 
of the bile constituents necessarily appeared unlikely. Under these 
circumstances it was assumed by some investigators that the excess 
of bile is discharged directly into the blood capillaries either through 
the liver cells themselves or through specially formed bile channels. 
Most histological writers now agree, however, in accepting the exist- 
ence of perivascular lymph spaces or lymph channels as demonstrated.* 
With this anatomical feature established it was natural to attribute 
to the lymphatics the function of transporting the resorbed bile. The 
lymphatic path applied equally well whether the theory of interlobular 
absorption (Heidenhain) was accepted or the more probable expla- 
nation of Biirker,* by whom the path of absorption has been referred 
to the intralobular portions of the liver. In concluding a review of 
the literature Biirker writes (p. 276) : “ Wagt man die diesbeziiglichen 
Arbeiten kritisch gegen einander ab, so kommt man entschieden zu 
der Ansicht, dass bei Stauung die Galle, so lange die Lymphwege 


1 Cf. EppinGeR: Ziegler’s Beitrage zur pathologischen Anatomie, 1902, xxxi, 
p- 230; 1903, xxxiii, p. 123; MINKOWSKI: Zeitschrift fiir klinische Medicin, 1g04, 
lv, p. 34; GERHARDT: Miinchener medicinische Wochenschrift, 1905, No. 19, 
889. 

2 Cf. Browicz: Wiener klinische Wochenschrift, July, 1900, No. 35. 

8 Cf. v. EBNER: KoOlliker’s Handbuch der Gewebelehre des Menschen, 1899, 
p- 242; EppinGer: Loc. cit.; MINKOWSKI: Loc. c#t.; MALL: Johns Hopkins 
Hospital bulletin, tgo1, xii, p. 146. 

4 BURKER: Archiv fiir die gesammte Physiologie, 1901, Ixxxiii, p. 241. 
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offen stehen, zunichst in diese gelangt, um erst dann, wenn Hin- 
dernisse auf dem Lymphwege sich geltend machen, auch in die 
Blutgefasse iiberzutreten.” LEppinger! has written: Nach dieser 


literarischen Uebersicht komme ich zu dem Schlusse, dass in der 


Frage der Pathogenesis des Icterus der Schwerpunkt in der Erle- 
digung des Umstandes liegt, ob die Galle per vias lymphaticas oder 
direkt ins Blut ergossen wird. Damit hangt allerdings die Beant- 
wortung der schliesslich wichtigsten Frage, ob es intraacindse bezw. 
perivasculare Lymphraume in Leberlappchen giebt oder nicht, zu- 
sammen. Die Beantwortung dieser Frage erleichtert wesentlich die 
der ersten Frage.” 

The doubt regarding the existence of the perivascular lymph spaces 
being removed, it is not difficult, from purely histological consider- 
ations, to conceive of an escape of bile constituents into these lymph 
sheaths. Those who attempt to account for the phenomena of icterus 
on the ground of mechanical obstruction in the bile passages portray 
the distention and rupture of the minute bile capillaries resulting in 
a discharge of bile into these perivascular spaces. There is a grow- 
ing number of investigators who, like Minkowski, favor the possibility 
of icterus per parapedesin incident to a disordered function of the 
hepatic cells which permit secretion to go on in an unusual and re- 
versed direction. These writers likewise follow the resorbed bile into 
the lymph sheaths already described. From here the hepatic prod- 
ucts are believed to be transported to the true lymphatic vessels, 
ultimately reaching the blood by way of the thoracic duct. No diffi- 
culty is placed in the way of such a transference by the recent dem- 
onstration that the tissue spaces are, in general, closed cavities and 
do not communicate directly with the larger lymphatic channels; * 
for the conditions pertaining in the case of the liver appear otherwise 
according to the researches of Mall.® 

However easy it may be to follow the bile out of its accustomed 
channels into the perivascular spaces bordering upon the liver cells, 
the widely accepted assumption that in icterus the hepatic products 
reach the blood stream solely or in large measure through the ways 
of the larger lymph vessels demands more careful consideration. In 
the case under consideration the bile-laden tissue lymph bathes the 


1 EpPINGER: Ziegler’s Beitrage zur pithologischen Anatomie, 19 
p- 260. 
2 Cf. MACCALLUM: Johns Hopkins Hospital bulletin, 1903, xiv, p. 105 
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intrahepatic blood capillaries. The possibility of an absorption of 
foreign substances directly into the circulation through the walls 
of the blood vessels has received a tardy acceptance at the hands 
of physiologists, despite the classic demonstration of Magendie made 
many years ago. In recent years Asher,! Starling,? and Mendel,’ 
among others,’ have given what we regard as convincing evidence of 
the direct participation of the blood vessels in absorption from lymph 
spaces other than those concerned in the liver. 

Minkowski® has offered an interesting critique of the current 
view which assigns a pre-eminent rodle to the lymph channels in the 
introduction of bile products into the blood. He writes: “ Ja, wenn 
dem so wire, wie sollen wir uns tiberhaupt die ganze Stoffwechsel- 
thitigkeit der Leber vorstellen? Fiihrt denn nicht das Blut der 
Leber fortwihrend Stoffe zu, die von den Leberzellen aufgenommen 
und verarbeitet werden, und geben nicht die Leberzellen fortwahrend 
Stoffe an das Blut ab, die, wie z. B. der Zucker und der Harnstoff, 
nicht erst durch den Ductus thoracicus, sondern direct durch die 
Lebervenen in den Kreislauf gelangen? Sollen wir auch hier einen 
directen Stoffaustausch zwischen Blut und Leberzellen deshalb in 
Abrede stellen, weil das Capillarendothel von der Leberzelle durch 
eine Saftspalte getrennt ist? Diirfen wir uns denn iiberhaupt alle 
diese Vorgange des Stoffaustausches so rein mechanisch vorstellen, 
dass wir erwarten durften, sie direct anatomisch verfolgen zu k6n- 
nen? .. .. es scheint durchaus nicht bewiesen, dass ein Icterus nur 
so zur Stande kommen kann, dass die Galle einfach also solche in 
die Lymphgefiasse und von da aus in das Blut einfliesst, dass nicht 
auch Gallenbestandtheile aus den Leberzellen durch das Blut, in 
gleicher Weise wie andere Stoffe direct resorbirt werden konnen.” 

It is not difficult to explain the persistence of the current views 
regarding the absorption of bile in the liver. They arise from experi- 
ments started in Ludwig's ® laboratory which seem to have retained 


1 ASHER: Zeitschrift fiir Biologie, 1893, xxix, p. 247. 

2 STARLING and Tubby: Journal of physiology, 1894, xvi, p. 149; STARLING: 
Journal of physiology, 1898, xxii, p. xxii. 

8 MENDEL: This journal, 1899, ii, p. 342. 

4 The literature is admirably discussed by MELTZER: American Medicine, 
1904, July 23 (Harrington Lecture). 

5 MINKOWSKI: Zeitschrift fiir klinische Medicin, 1904, lv, p. 39. 

® Cf. FLEISCHL: Berichte der Gesellschaft ‘der Wissenschaften, Leipzig, 
Mathem.-phys. Classe, 1874, xxvi, p. 42; KUNKEL: 767d., 1875, xxvii, p. 236; 
KUFFERATH: Archiv fiir Physiologie, 1850, p. 92; HARLEY: 707d., 1893, p. 
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a convincing and conspicuous place in the literature despite various 
contradictory investigations. The physiological studies indicated in 
particular that when the thoracic duct is ligated, or its contents 
conducted to the exterior through a fistula, ligation of the common 
bile duct is no longer followed by the symptoms of icterus — hence 
the conclusion that the bile elements are conducted into the circula- 


tion erclusively by lymphatic channels. The experiments thus sug- 


gesting a complete incapacity of the hepatic blood vessels to absorb 


bile constituents directly, have been carefully repeated and extended 
by Wertheimer and Lepage! with different results, indicating a direct 
participation of the hepatic capillaries. To these may be added 
various earlier experiments demonstrating the direct absorption of 
foreign substances from the bile passages, even when the lymphatics 
are excluded. It is not easy to understand wh¥ these researches 
have received so little appreciation unless it is attributed to the preva 
lent hesitation to admit a capacity for absorption on the part of blood 
vessels, as already mentioned above. Burker, for example, dismisses 
the contradictory evidence with the remark that “ physiology stands 
here, as so often elsewhere, before one of the riddles of which nature 
has furnished so many.” He inclines, however, to direct the weight 
of possible experimental error against the newer views (p. 256). 

We desire to record a few of our own experiments bearing upon the 
problem discussed. Among other things, they were planned to throw 
some light upon the discrepancies found in the literature. Tobias, 
for example, failed to find sodium iodide in either blood or urine when 
a5 per cent solution of it was injected into the gall bladder after 
ligation of the common bile duct. This was the case whether the 
thoracic duct was ligated or not. Strychnine, atropine, and sodium 
ferrocyanide were absorbed under the same conditions, and the con 
clusion was reached that the paths of absorption in the 
with the nature of the material absorbed. The experiment upon 
which Burker?# has placed especial emphasis in demonstration of the 
superior role of the lymph vessels in this absorption has also beet 
repeated. Burker injected milk into the Ductus choledochi in 


1 WERTHEIMER and LEPAGE: Archives 
p- 334: Journal de physiologie, 1899, p. 259. 

* These are reviewed by WERTHEIMER 
BURKER: Archiv fur die gesammte Physiologie 

ToniAs: Travaux de laboratoire 
(quoted from BURKER). 


4 BURKER: Loe. ctt., p. 274. 
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rabbits, and observed that the lymph vessels issuing from the Porta 
hepatis and the perihepatic lymph glands soon showed a character- 
istic whitish appearance. The failure of emulsified fat, as it exists in 
milk, to penetrate the capillary walls does not, in our opinion, con- 
clusively demonstrate the inability of dzsso/ved substances to be 
absorbed by these blood vessels. Indeed, it might be expected that 
the globules of the fat emulsion would preferably follow the lymph 
channels if these are open. This is precisely comparable with the 
transference of fat from the intestinal lacteals; yet no one argues 
against the permeability of the intestinal blood capillaries for other 
compounds. 

The method used in our experiments is a familiar one. Canulas 
were inserted into both ureters of dogs for the immediate collection 
of urine, and the lymph from the left thoracic duct was collected from 
a fistula. Injections of warm solutions containing readily detectable 
substances were made from a burette into the common bile duct with 
the minimum pressure sufficing to induce a return flow of the liquid. 
The animals were anzsthetized with morphine and A. C. E. mixture. 
A preliminary period of observation was always taken to insure the 
existence of a satisfactory normal flow of bile, urine, and lymph, 
which was measured throughout the trials. Extracts from the proto- 


cols follow. 


Injection of indigo carmine. — In a dog weighing 15.6 kilos a lymph flow of 
9.6 c.c. per ten minutes was noted. From 11.55 to 12.31, 36 c.c. of 
a 1.5 per cent solution of indigo carmine containing 0.7 per cent sodium 
chloride were run into the bile duct. The blue color was first noted 
in the urine at 12.20-12.25 ; in the uniformly flowing lymph at 12.28. 
In order to detect traces of the pigment, the lymph samples were treated 
with alcohol in which the color is readily soluble. The blue color of the 
lymph grew deeper and then lighter until at 1.45 it had vanished again. 
The urine continued to contain pigment up to the end of the observations 
at 3.45. 

At the end of the injection the burette was disconnected and the bile 
allowed to flow outward through a canula. Blue color had practically 
disappeared from the renewed secretion long before the urine manifested 
any diminution of the absorbed color. 

Injection of potassium iodide. — A dog weighing 21 kilos and having a 
lymph flow of 4 c.c. in five minutes received 23 c.c. of a 1 per cent 
potassium iodide solution at 10.43-11.13. Iodide was readily detected 
in the urine at 11.08-11.13, the test with the lymph at this period being 
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uncertain. Gradually stronger reactions were 

the urine always affording a more marked test. 
Injection of potassium ferrocyanide and milk. — A 

kilos and having a lymph flow of 13 

fairly low pressure 40 c.c. of a 2.6 per cent solutio1 


cyanide dissolved in milk, in forty minutes (12. 


reaction was obtained with the urine from e: 
and continued strong. The lymph flowing 
to show more than an uncertain trace of iron. 
Injection of iodide and milk. —I. A dog weighn 
normal lymph flow of 3.7 c.c. per ten minutes 
containing 1 per cent of potassium 
and considerable pressure was required 
periment iodide was found in the lymph sixty-five minut 
tion was begun. 9 Jodide failed to appear in the ur du 
of observation. 
II. In another dog weighing 14 kilos and 
per five minutes, an injection of 19 c.c. 

‘nt of sodium iodide was made at 12. 
iodide could be obtained with the quantity injec 
fluid would flow, even under pressure, at 3.3 
connected and the obstructed bile and milk all 
second injection of a pure 2 per cent solution of 
made. After 47 cc. had 
strong reaction tor 

III. A third trial on a dog weighing 
only 1.3 ¢.c. per ten minutes, resultes 
injected milk may accumulate in considerable quantity 
the cystic duct was ligated in this animal, and then an 
of milk containing 2. er ce f sodium iodide 
pressure within forty n *s. Blood withdrawn 
an artery contained considerable iodide. The 
accelerated to 4 c.c. per ten minutes, but contair 
of iodide until two hours later. By this time th 
abundant in the urine throughout the trial, | 


from this secretion. 


A review of the preceding experimental data indicates 
the hepatic blood capillaries form no exception to those 
where in the body in their permeability for s 


their way into the perivascular lymph spaces. Our experience 


accord with that of Wertheimer and Lepage. 
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ments presented offer any indication of a predominating réle of the 
lymph channels in carrying away the resorbed materials. In the 
trials with milk, which afforded the only exceptions to this general 
experience, the lymph was never found visibly richer in emulsified 
fat after the injections. The presence of the insoluble globules 
appeared at times to interpose an obstacle to the absorption of the 
soluble constituents, perhaps by obstructing the usual paths through 
the secreting hepatic tissue to the perivascular spaces. Such ex- 
periments with emulsions are, however, not strictly comparable with 
those in which bile itself is returned into the liver tissue. Experi- 
ments with obstructed thoracic ducts are likewise open to serious 
objection, since the conditions produced thereby in the lymphatic 
spaces must be distinctly abnormal. Finally, it is not impossible 
that the foreign substances found tardily in the lymph of the thoracic 
duct are at times derived indirectly by a subsequent transference 
from the blood vessels, and thus have a twofold source.! 

The theory of absorption by the blood vessels has not entered into 
our discussion. We have aimed merely to emphasize that the possi- 
bilities of absorption from lymph spaces are not fundamentally differ- 
ent in the liver from those pertaining in the serous cavities and other 
lymph spaces. 


1 Cf. MENDEL: This journal, 1899, ii, p. 349. 
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A STUDY OF THE PROTEINS OF THE CASTOR BEAN, 
WITH SPECIAL REFERENCE TO THE ISOLATION 
OF RICIN, 


OSBORNE, LAFAYI 
ISAAC F. HARRIS 


LTHOUGH the proteins of the castor bean have been inves- 

tigated by Ritthausen! and by Vines,? we have little definite 
information regarding them beyond the fact that this seed contains 
some proteose and a considerable proportion of a globulin which, 
both in composition and properties, closely resembles edestin from the 
hemp seed, and, like it, also crystallizes in octahedra. This globu- 
lin was first described in its crystalline condition by Ritthausen, 
and later by one of us. Respecting the other proteins nothing of 
importance is known, 

The name rictz was given in 1889, by Stillmark,® to the hig 


toxic substance which he separated under Kobert’s guidance, by 


methods of protein separation then in use, and which he accordingly 


regarded as a globulin. Among subsequent investigators, Jacoby.” 
in particular, has questioned the protein nature of the poison. His 
opinion is based upon the failure, under the conditions of his experi- 
ments, to destroy the toxic properties of his ricin solutions by diges- 
tion with trypsin. Jacoby’s results, which will be considered in 
greater detail further on, have given rise to a current view that the 

| RITTHAUSEN: Archiv fur die gesammte Phvsiologie, 
Journal fur praktische Chemie, 1881, xxiii, p. 481. 

2 VinES. Proceedings of the Royal Society, 1879-80, xxx, p 

§ RITTHAUSEN : Journal fiir praktische Chemie, 1879, xxiii, p. 481. 

* OSBORNE: American chemical journal, 1592, xiv, p. 662. 

5 STILLMARK: Arbeiten des pharmakologischen Instituts zu Dorpat, 
iii, p. 59. 

® Jaconpy: Archiv fiir experimentelle Pathologie und Pharmakol 


xIvi, p- 25. 


| 
[ m the I rator fr ficult Asricultw 
Laboratory of ical Chemistry of 3 
259 


260 7. B. Osborne, L. B. Mendel, and I. F. Harris. 


toxine of the castor bean is a highly complex compound, although not 
a protein in the ordinary sense.' We have, accordingly, undertaken 
a study of the seed in order to determine more definitely the nature 


of its protein constituents, and to discover, if possible, with which, 


if any, of these proteins the toxic properties assigned to ricin are 
associated, 

We have found that this seed contains proteins of the same char- 
acter as the other oil seeds which have been examined, namely: 

First, a considerable quantity of a globulin which can be obtained 
in octahedral crystals. 

Second, a much smaller quantity of an albumin, coagulating at 
about 60 to 70, the temperature at which it separates depending to 
a large extent on the rate of heating and other conditions, but in 
any case coagulating slowly and completely only after long heating. 

Third, proteoses which appear to belong to several of the now 
recognized groups of this class of substances. 

The toxic action was found to belong wholly to the preparations 
containing the coagulable protein, and never to be associated with 
preparations free from this albumin. The toxicity of the products 
consisting chiefly of albumin was extremely great, the most active 
preparation obtained by us proving fatal when administered sub- 
cutaneously to rabbits in the astonishingly small dose of 0.0005 
milligram per kilo. In consequence of this extremely powerful 
physiological action many of the difficulties encountered by others in 
the preparation of this substance are explained, and much of the 
confusion that exists in the literature is cleared up. In view of the 
results of our work the more recent literature * can be discussed. 

Dixson ® found that a more active ricin could be obtained by pre- 
Cipitation with alcohol than by neutralizing a hydrochloric acid 
extract of the seeds with sodium carbonate, but that repeated pre- 
cipitation with alcohol led to inactive preparations. Our experience 
has shown that the albumin is gradually, but pretty rapidly, coagu- 
lated by thus repeatedly precipitating with alcohol, so that a large 
part, if not all, may soon be separated from its solution in an altered 
form, while at the same time a larger or smaller amount of non-toxic 


! OPPENHEIMER: Toxine und Antitoxine, 1904, p. 162. 

2 The references to the literature on ricin have been collected by JAcory, 
Ueber Phytotoxine, Biochemisches Centralblatt, 1903, i, p. 289; OPPENHEIMER, 
Toxine und Antitoxine, Jena, 1904. 

* Dixson: Australian medical gazette, April, 1887, p. 156. 
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proteose, according to circumstances, is precipitated by the alcohol. 
The protein, thus treated, loses its toxicity, although the precipitate 
still consists of protein substance. 

Stillmark ! extracted castor beans with 10 per cent sodium chlo- 
ride solution, saturated the extract with both magnesium and sodium 
sulphates, and then removed the salts from the precipitate by dialysis 
Our experience shows that this process failed to separate the non- 
toxic globulin from the ricin, since the former is thus precipitated ; 
and as its proportion, in the sodium chloride extract, is many times 
greater than that of the albumin, the product which Stillmark ob 
tained must have contained but a small percentage of the toxic 
albumin. Nevertheless, Stillmark considered his product to be pure, 
and named it ricin. 

Cushny? next investigated this problem, directing his attention 
particularly to the isolation of the ricin and determining its nature 
Cushny’s experience with alcohol precipitation has been confi 
by our own, and needs no further consideration. He seems to 


been the first to realize adequately the great toxicity of this 


stance, and also the fact that a solution which showed strong 


effects might be too dilute to respond to the ordinary tests for 
teins. He found that, by concentration, such solutions gave pr 
reactions, and states that ‘so long as a solution is toxic it contains 
protein; as soon as the latter is removed the toxic action vanishe 
Although Cushny regards the deadly dose of his ricin as vanishingly 
small, his minimal dose of 0.04 milligram per kilo is nearly one 
hundred times greater than ours. In order to obtain “ 


Cushny extracted ricinus press cake (with what solvent he does not 


state), and saturated the solution with magnesium sulphate. As this 
salt precipitates the globulin as well as the albumin, the nature of 
the product obtained would depend much on whether the extract was 
made with water or salt solution. 

The precipitate was redissolved by dialyzing into water, and, af 
filtering, yielded a yellowish solution “ which, apart from salt 
tained only a little organic matter, besides ricin.” 

Our experience with the coagulation of the albumin agrees wel 
with that of Cushny, the temperature at which the coagulum sepa 
rated being much influenced by the rate of heating. 

1 STILLMARK: Arbeiten des pharmakologischen Instituts zu Dor; 

2 CusHNy: Archiv fiir experimentelle Pathologie 

xli, p. 439 
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In regard to the precipitation of the toxine with every precipitate 
produced in its solutions, especially those of other proteins, our ex- 
perience has shown that this does not necessarily take place to the 
extent that Cushny’s statements would lead one to believe. We 
succeeded in separating the globulin from all but minute traces of 
ricin, although it was thrown out of solutions containing much of this 
toxine. It is not improbable that this clinging of ricin to other pre- 
Cipitates is a case of adsorption, and that it does not occur to any 
greater extent than with many other bodies. That ricin can be 
separated from proteose by saturating the solution with magnesium 
sulphate, as Cushny states, we have also confirmed, as well as the 
fact that the proteose diffuses through the parchment membrane with 
relative ease. This proteose Cushny found to be non-toxic and 
devoid of agglutinating properties. 

Muller! likewise failed to accomplish the separation of the toxine 
from protein. He was unable to destroy the toxic properties com- 
pletely by peptic or tryptic digestion, and believed that they were 
independent of the protein molecule. 

Jacoby* next made a study of ricin, using Merck’s preparation, 
made according to Kobert’s directions, as follows: The seeds were 
extracted with ether and with alcohol, and then with 11 per cent 
sodium chloride solution at 37-40. The filtered extract was next 
saturated with ammonium sulphate, and the precipitate dried at room 
temperature. It is evident that, besides the inorganic salts, the 
material, thus prepared, must have contained large amounts of both 
the globulin and the protein, and that only a very small proportion 
of ricin was present in it. Jacoby’s experiments were mostly made 
with 1 gm. or less of this material, and therefore involved the use of 
very little of the toxic substance. Jacoby undertook to show that 
ricin was not destroyed by trypsin, by adding to his solutions, con- 
taining extremely small amounts of the pure toxine, 100 c.c. of trypsin 
solution. 

Experiments with such very small quantities of ricin in the presence 
of such relatively very great quantities of other substances, mostly 
of unknown nature, are hardly to be accepted as conclusive, and 
therefore Jacoby’s view, that ricin is not a protein because it is, sup- 


Archiv fiir experimentelle Pathologie und Pharmakologie, 1899, 
xlii, p. 302. 

2 Jacony : Archiv fiir experimentelle Pathologie und Pharmakologie, 1901, xvi, 
p. 28. 
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posedly, unaffected by trypsin, cannot be regarded as proved until it 
is confirmed by further experiments with larger quantities of ricin 
under more definitely known conditions. 

Following Jacoby’s example, Brieger' has attempted to separate 
the toxic element from the protein component of ricin preparations 
by digestion with papain (papayotin), but without success. He 
failed to obtain a protein-free ricin preparation which was pure in 
the chemical sense and still undiminished in toxic power. Further 
failures followed the attempt to make such a separation by the use 
of proteolytic bacteria (typhoid, cholera, etc.). Even after prolonged 
digestion the toxic properties remained unimpaired; but the proteid 
reactions were likewise still plainly in evidence. It is to be noted 
that Brieger succeeded in purifying commercial ricin preparations so 
that he obtained fatal results very speedily in rabbits with 0.5 mgr. 


per kilo of body weight, and readily with 0.01 mgr. 


EXPERIMENTAL Part. 


The protein constituents of the castor bean. — The castor beans em- 
ployed were freshly gathered, and belonged to the cultivated variety 
known as Ricinus sansibarensts. These were selected on account 
of their large size, which made it easier to remove the outer shell 
by hand. 

Extraction a.— Nine hundred grams of these beans were thus freed 
from their shells,” crushed in a drug press, and treated with ether 
until most. of the oil had been removed. The nearly oil-free meal 
was then extracted with 4 litres of 10 per cent sodium chloride solu 
tion, the extract filtered perfectly clear and dialyzed in running 
water for sixty hours. A large precipitate, A, separated, consisting 
of spheroids and crystals, which was filtered from the solution B. 

Precipitate A was dissolved in 10 per cent sodium chloride solu- 
tion, in which practically all was soluble, and the solution, which was 
distinctly alkaline to litmus, was saturated with sodium chloride. 
The precipitate that formed was filtered out and the filtrate dialyzed 
until all the globulin was precipitated. This was filtered out, washed 
with water and alcohol, and dried over H,SO,, giving Preparation 1, 
weighing 12.8 gm. 

1 BRIEGER: Festschrift fiir RoRERT Kocn, Jena, 1903, | 


2 On account of the danger of poisoning, we would not 


separating the shells unless it is done with rubber gloves 
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The precipitate produced by saturating with sodium chloride was 
dissolved in a dilute solution of this salt, again thrown down by 
saturating with sodium chloride, and the filtrate treated in the way 
just described for Preparation 1. This yielded Preparation 2, weigh- 
ing 13 gm. By repeating this process with the second precipitate; 
produced by saturating with salt, Preparation 3 was obtained, weigh- 
ing 6.2 gm., and by dissolving in dilute brine the third precipitate, 
produced by saturating with sodium chloride, and dialyzing the 
filtered solution, Preparation 4, weighing 8.67 gm., was obtained. 
From these results it would appear that, although this globulin is 
precipitated by saturating with sodium chloride, a considerable pro- 
portion, each time, remains dissolved in the saturated salt solution 
owing to its solubility therein, which, while less than that in a 10 per 
cent’ solution of this salt, is still considerable in a saturated brine. 
Our former investigations have shown that there is no reason to 
believe that two globulins occur, and our present conclusion, that 
this globulin has a limited solubility in a saturated sodium chloride 
solution, seems to be therefore justified! The total globulin thus 
obtained from this extract was 40.67 gm. 

Solution B was saturated with ammonium sulphate, in order to 
bring the proteins which it contained into a smaller bulk, and the 
resulting precipitate was treated with a limited quantity of water, 
sufficient to dissolve only a part of it. The undissolved part, Ba, 
was filtered from the solution, B b. Tne residue Ba was then treated 
with more water, and the part still remaining undissolved was filtered 
out, washed and dried, giving Preparation 5, which weighed 3.7 gm. 
The filtrate from 5 was dialyzed in running water for twelve days, 
and then filtered from a small precipitate which, washed and dried, 
formed Preparation 6, weighing 0.52 gm. This preparation, which 
separated on dialysis, contained but an insignificant amount of matter 
soluble in 5 per cent sodium chloride, and we have therefore no con- 


clusive evidence that this substance, separating during the dialysis, 


was originally a globulin; we shall, in fact, give reasons why it is 
much more probable that it was an altered or albuminate form 
derived from the albumin. Albumins which behave in this way are 
present in nearly all seeds. 
The filtrate from 6 was dialyzed into alcohol, until concentrated to 
1 The distinction formerly made between myosins and vitellins, based on pre- 


cipitation by saturating with sodium chloride, cannot be applied to the vegetable 
globulins. 
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a small volume, and then filtered from a considerable precipitate, 
which, when dried, weighed 3.84 gm. This substance was treated 
with water, and the part that did not dissolve was filtered out, washed 
and dried, giving Preparation 7, weighing 1.45 gm. 

Solution Bb, above mentioned (p. 264), was dialyzed for twelve 
days in running water, and then filtered from a small amount of 
insoluble matter, which, when washed and dried, formed Preparation 
8, weighing 2.2 gm. 

The filtrate from 8 was dialyzed into alcohol, until concentrated to 
a small volume, when it was filtered, and the precipitate treated with 
absolute alcohol, dried, and found to weigh 20.7 gm. This latter 
was then extracted with water, and the substance insoluble therein 
was filtered out, washed, and dried, giving Preparation 9, weighing 
3.07 gm. 

The filtrate from 9 was united with that similarly produced from 


and the two saturated with magnesium sulphate. The precipitate 
which resulted was redissolved in water and again saturated with 
magnesium sulphate. The second precipitate, thus obtained, was 
freed from solution by spreading on a porous plate, dissolved in 
about 25 c.c. of water, and the solution dialyzed in running water 
for three days. The clear solution was then evaporated over sul- 
phuric acid in a vacuum, and the residue was scraped from the dish 
and found to weigh 1.39 gm. (Preparation 10). As this substance 
was found to be exceedingly toxic, and constituted the purest ricin 
made in this experiment, it was necessary to use the utmost caution 
in removing it from the dish in which it had dried down. This 
substance will be described in detail later. 

The filtrates from the two precipitations with magnesium sulphate 
were united, dialyzed in running water for nineteen days and then 
into alcohol, until all the protein had separated. The precipitate thus 
produced was filtered out, dissolved in water, and again thrown down 
by pouring into a large volume of alcohol. 

The precipitate that separated was washed with alcoho] and dried 
over sulphuric*acid, giving Preparation 11, weighing 4.08 gm. It 
consisted of proteose, and had no toxic action. This proteose repre- 
sented the water-soluble substance recovered from two products, 
weighing respectively 20.7 and 3.84 gm. From this we removed 
Preparations 7, 9, and 10, whose aggregate weight was 5.92 gm., leav- 
ing 18.62 gm. of proteose, of which only 4.08 gm. were finally recov- 
ered, or only about 22 per cent. This loss, we think, is chiefly due 
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to the diffusion of the proteose that occurred during the long dialysis 
required for its isolation. 

Several of these preparations were analyzed, in order to determine 
something of their relations, which might serve as a guide in future 


attempts to prepare ricin. 
6 


Carbon 
Hydrogen 
Nitrogen 14.54 


Ash 0.63 


The average, ash-free, composition shown by these analyses was 


the following : 


6 9 10 ll 
Carbon .. =. 51 96 49.03 +5 54 


Mitvrowen .... . « 49 5. 15.8] 15.87 14 44 17.86 


Of these preparations 6, 7, 8, and 9g represent insoluble or albumi- 
nate products, formed during the process employed for their isolation. 
These are much alike in composition, and doubtless consist mostly of 
derivatives of the coagulable protein contained in this extract, for, 
with the removal of this insoluble matter, the proportion of the albu- 
min evidently diminished. The relations of the figures found for 
Preparation 10 are not apparent, especially that for nitrogen, which 
we have reason to believe is found too low, probably owing to an 
analytical error. Unfortunately this determination cannot be re- 
peated, as no more of the substance exists. This Preparation 10 con- 
tained a large proportion of the protein, coagulating on long heating 
at about 70, but owing to the small amount of the preparation, the 
proportion was not determined. Its toxicity was high, 0.002 of a 
milligram per kilo, when subcutaneously injected into rabbits, proving 
fatal with all the characteristic symptoms of ricin poisoning 

The proteose, Preparation 11, was wholly free from toxicity, in 
agreement with Cushny’s observations, and likewise with his state- 
ment that the toxine is completely precipitated by saturating with 
magnesium sulphate. 

Extraction 6, — Since it seems highly improbable that the proteoses 
could have yielded the insoluble albuminate-like products obtained 
from this extract, we had little doubt that these were derivatives of 
the albumin, and that if this were in fact so, they possibly repre- 
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sented alteration products of ricin. With this in view we undertook 
another extraction of Ricinus seeds, of the same variety as used in 
Extraction a, employing fractional precipitation with ammonium sul- 
phate, hoping thereby to avoid the alteration of the albumin which 
took place to such an extent in the presence of alcohol. In this 
extraction the shells were not removed, the entire seed being crushed 
and the oil extracted with ether. Of the meal thus prepared 1305 gm. 
were extracted with 6 litres of 10 per cent sodium chloride solution, 
the extract filtered perfectly clear, and dialyzed for four days in run- 
ning water. The globulin which was thus precipitated, when washed 
and dried in the usual manner, weighed 190 gm. the filtrate, 
which measured 14,750 c.c., we dissolved 5044 gm. of ammonium 
sulphate, which is equal to approximately 45 per cent of the amount 
required for complete saturation with this salt. The precipitate, I, 
which separated, was filtered out, and 1680 gm. more of the 

were added to the filtrate, raising its quantity to 60 per cent 

plete saturation. Precipitate II, which separated, was filtered out 


and 1122 gm. more sulphate added to the filtrate, making it 70 per 
cent saturated and producing Precipitate III. The filtrate trom ITI, 
when fully saturated, yielded Precipitate IV. An examination of 
these four fractions showed that I contained much that was coa 
lated by heating below 80’, whereas II and III contained very ] 
the albumin, and a considerable quantity of substance that, like a het- 
eroproteose, separated on cooling after the solution had been heated 
for some time in a boiling-water bath. ‘cipitate I differed fri 
the others-in that it was a flocculent, voluminous product, wl 
showed no tendency to unite to a dense, gummy mass, as did the 
others. In this respect these latter resembled the ordinary prote 
oses produced by peptic digestion. Precipitate IV contained 
albumin or heteroproteose. 

These four fractions were then 
was dissolved. in water, the solution filtered clear, 
bring it into a smaller volume of water, it was precipitated 
tion with ammonium sulphate. The precipitate (I a) was su 


very dry, dissolved in 1000 c.c. of water, and precipitated by an equal 


i 


volume of saturated sulphate solution. The precipitate (I b) was 


sucked dry, dissolved in 1000 c.c. of water, and saturated 
solution added until precipitation began. This required 
saturated sulphate, corresponding to one-fifth of complete sa 


The saturation was then raised to one-third by adding 25 
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sulphate solution, and the precipitate (Ic) produced was filtered out, 
dissolved in 250 c.c. of water, and the solution dialyzed for eleven 
days in running water. A precipitate of globulin, which had sepa- 
rated, was filtered out, and, when washed and dried over sulphuric 
acid, gave Preparation 12, weighing 5.74 gm. The clear filtrate from 
12 was evaporated on a plate at 50, and, as this was presumably very 
toxic, enough petroleum benzine was poured over it to completely 
cover all the substance and prevent its flying about when scraped 
from the plate. The latter operation was done out of doors, a sheet 
of glass being put over the plate, under which the scraping was done. 
The residue was then transferred to a bottle, the benzine driven off 
at a low temperature, and the residue dried. This formed Prepara- 
tion 13, which weighed 11.93 gm. 

The filtrate from I b was raised to one-half saturation by adding 
500 c.c. of saturated sulphate, and the precipitate (I d) produced was 
sucked out. This, together with precipitate I xc, soon to be de- 
scribed, was dissolved in a little water, and its solution dialyzed for 
eleven days. A small precipitate of globulin, together with con- 
siderable insoluble albuminate which had formed, was filtered out, 
giving Preparation 14, weighing 1.35 gm., and the clear filtrate, 
evaporated at 50° and treated in the same way as Preparation 13 had 
been. This preparation, 15, weighed 23.89 gm. 

The filtrate from precipitate Id was saturated with ammonium 
sulphate, giving precipitate I x b, which was united with I xa, sucked 
dry, dissolved in water, and a saturated solution of ammonium sul- 
phate added until a considerable precipitate, I x c, had formed. This 
was dissolved in water and added to precipitate I d, as mentioned 
just above. We now consider that we made a mistake in uniting 
these, but were led to do so from the fact that this precipitate con- 
tained much albumin; it being the plan of our experiment to bring 
together, as far as we could, all of the albumin, as free as possible 
from other proteins. The filtrate from this partial precipitation, pro- 
duced by the sulphate solution, was brought to complete saturation, 
the resulting precipitate (I e) dissolved in water, its solution dialyzed 
for seventeen days in running water, filtered from a very slight pre- 
cipitate of globulin, and the clear solution evaporated and treated in 
the way described for preparing 13. The product thus obtained 
weighed 8.75 gm., and formed Preparation 16. 

Precipitate II, from the original extract, was dissolved in water, 
and its solution dialyzed till nearly free from sulphate. A trace of 
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insoluble matter resulted, from which the solution was filtered. <A 
small part of this solution, when heated for some time in a boiling- 
water bath, gave a very small coagulum, ard, when this was filtered 
out, a considerable precipitate on cooling, which dissolved on heating 
and reappeared on cooling, after the manner of a heteroproteose. 
The rest of the solution was evaporated at 50°, and left a residue 
weighing 8.73 gm., which formed Preparation 17 

Precipitate III was dissolved in water, and in order to reduce the 
volume of its solution it was reprecipitated by saturating with am- 
monium sulphate. This last precipitate was then dissolved in the 
least possible quantity of water, and its solution dialyzed for seven- 
teen days. A very little substance separated, which, however, did 
not appear to be a heteroproteose, as it did not give the heat reaction. 
It had all the properties of a globulin, and was coagulated by heat. 
There was too little of this substance for any further examination. 
The clear solution, from which this globulin had separated, was evap- 
orated at 50, and 2.35 gm. of Preparation 18 obtained. 

Precipitate IV was dissolved in water and twice precipitated by 
pouring its solution into alcohol. It was then dissolved in water, 
dialyzed nine days in water, and then in alcohol, until the dissolved 
proteose was precipitated, when the latter was dehydrated with abso- 
lute alcohol and dried over sulphuric acid. This gave Preparation 19, 
weighing 11 gm. This preparation contained no coagulable protein, 
nor any of the heteroproteose-like substance. The proteose con- 
stituting this preparation was relatively diffusible, and much was lost 
by dialyzing its solution into water. 

The general method followed in fractioning the protein constituents 
of this extraction is shown by the scheme on the next page. 

These same preparations were dried at 110° and analyzed with the 


following results: 
17 
Carbon 
Hydrogen 
Nitrogen 
Sulphur 
(NHy)oSO, . 0.54 
7 0.43 


These analyses, calculated ammonium sulphate and ash free, after 
deducting the nitrogen, sulphur, and hydrogen of the latter, gave the 
following figures for the composition of the organic part of these 
preparations : 


18 19 
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13 15 16 17 18 19 

Carbon 52.01] 51.41 $9.00 $9.44 10 
Hydrogen 7.02 7.00 6.65 6. 6.26 
Nitrogen , 16.56 16.90 18.67 18.37 18.63 18.82 
Sulphur. ‘ 1.29 1.77 2.74 73 2.63 
Oxygen .. 23.12 22.92 22.94 22.83 2.87 23.88 
100.00 100.00 100.00 LOO.) 100.00 


Of these six preparations 16, 17, 18, and 19 consisted almost wholly 
of proteose, while 13 and 15 were mixtures of both albumin and pro 
teose. In these two latter preparations the chief interest centres, 
since they contained nearly all the toxic substance of the extract, 


the other preparations being practically destitute of any toxic 


effect. For rabbits the minimal fatal dose of 13 was 003 mgm 
per kilo, when subcutaneously injected; that of 15 about 0.001 mgm. 


per kilo. 

The amount of coagulable albumin in these two preparations was 
determined by dissolving 0.3083 gm. of 13 and 0.4070 gm. of 15 in 
5 per cent sodium chloride solution, and heating for an hour at 95 
The coagulum was filtered from each, washed and dried to constant 
weight at 110°. That from 13 weighed 0.2178 gm., equivalent to 
70.64 per cent ; that from 15 weighed 0.1718 gm., or 46.48 per cent 
The nitrogen in these coagula was determined by Kjeldahl as 15.8 
and 16.0 per cent of the respective coagulum, which agrees closely 
with that found in our preparations 7, 8,and 9. The specific rotation 
of 13 was (a) 28.85°; of 15, — 30.2. 

The proportion of the different forms of nitrogen in 13 was found, 
according ‘to Hausmann’s modified method,! to be as follows 


Nitrogen as ammonia . . 1.74 
Basic nitrogen +29 
Amino nitrogen 10.42 


Neither preparation contained any phosphorus. 

If the composition of mixtures of the coagulated albumin, C 52.12; 
H 6.93; N 15.78 per cent, and the proteose preparation 16, C 49.00; 
H 6.65; N 18.67 per cent, are calculated, we have for 70.64 per cent 
albumin and 29.36 per cent proteose C 51.21; H 6.85; N 16.63; found 
C 52.01; H 7.02; N 16.56; and for a mixture of 46.48 per cent albu 
min and 53.52 per cent proteose C 50.45; H 6.78; N 17.32, found 
C 51.41; H 7.00; N 16.90 percent. The results thus obtained show 

1 OSBORNE and HARRIS: Journal of the American Chemical Society. 1903 
XXV, Pp. 323. 
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that both preparations contained little else than protein matter, and 
that 13 contained at least 70.64 per cent of coagulable albumin, 
and that 15 contained 46.48 per cent. As no preparations, which we 
have obtained, showed toxic properties when free from albumin, and as 
13, containing much more albumin than 15, was decidedly the more 
toxic, it seems to us that it is almost certain that ricin and the albu- 
min are one and the same substance. In what respect this toxic 
albumin differs from the other non-poisonous proteins our analyses 
and examination of these preparations give no hint. So far as our 
determinations go, ricin does not differ from ordinary proteins in 
composition, heat coagulation, color reactions, precipitation reac- 
tions, specific rotation, or in the state of combination of its 
nitrogen. 

Preparations obtained by the methods of desiccation outlined above 
dissolve perfectly in water or “ physiological saline ” to form an abso- 
lutely clear and colorless solution. The dosage is thus easily regu- 
lated. Specimens preserved many months have shown no diminution 
in physiological activity such as has been reported by some investi- 
gators for commercial ricin preparations. 

In view of the extremely small proportion of ricin required to pro- 
duce profound physiological changes resulting in death after the 
lapse of a considerable interval of time, it seems to us to be prob- 
able that it acts as an enzyme. If this supposition be true, which is 
also supported by many of the other properties of ricin, notably the 
effect of heat, we have in these results strong evidence of the protein 
nature of enzymes. 

Physiological experiments. — The study of the proteins of the castor 
bean has involved observations on their physiological behavior in a 
variety of reactions which have been more or less carefully investi- 
gated by previous workers. Aside from its pronounced toxicity, 
resulting in death with typical pathological findings, ricin is capable 
of producing a marked agglutination and sedimentation of red blood 
corpuscles in vitro. Furthermore, it has aroused especial interest in 
recent years in view of the studies of Ehrlich,! who succeeded, by 
varying methods of preliminary treatment, in establishing a high 
degree of immunity to the castor bean toxine, and in demonstrating 
the production of an antitoxic substance, antiricin, in the blood of 
the immunized animals. Our investigation of the physiological be- 


1 EHRLICH: Deutsche medizinische Wochenschrift, 1891, p. 976; p. 1218; 
Fortschritte der Medizin, 1897, p. 41. 
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havior of the protein preparations from the castor bean has involved 
the study of their toxic and agglutinating properties in particular. 

Relative toxicity of the castor bean protein preparations. — Most 
of our experiments on the toxicity of the various preparations de- 
scribed in the earlier part of this paper have been made on rabbits 
and guinea-pigs, the former being especially susceptible to the action 
of the poison. <A few trials were also made with cats, dogs, and 
frogs. The toxicity of ricin for most of the familiar laboratory ani- 
mals has long been known. Unless otherwise stated, the substance 
to be investigated in our experiments was introduced into the body 
subcutaneously, with due antiseptic precautions. 

In order to form some idea of the relative toxicity of the products 
examined, it is of interest to compare the fatal doses given by pre- 
vious investigators in cases of acute intoxication resulting in death 
within a brief period, usually twenty-four to thirty-six hours. Ehrlich 
produced death with 0.03 mgm. per kilo of body weight. Cushny! 
obtained speedy lethal effects in rabbits with o.og mgm. Muller * and 
Jacoby *® produced death without fail within thirty hours with 0.5- 
0.6 mgm. of Merck’s ricin or their “ purified” ricin. With a dose of 
0.008 mgm. of Merck’s ricin, administered to a guinea-pig (and there- 
fore equivalent to 0.02-0.03 mgm. per kilo), Flexner* noted a sur- 
vival of the animal for six weeks. Finally, Brieger® produced death 
in rabbits with 0.o1 mgm. per kilo with a partly purified preparation. 
Few known compounds approach ricin in exhibiting so high a degree 
of toxicity. Among them snake venoms are conspicuous, 0.079 mgm. 
of cobra poison per kilo of animal sufficing according to Martin,” and 
0.02-0.04 mgm. of the venom of the Hydrophidz, according to 
Rogers,’ to produce lethal effects. 


The symptoms which accompany ricin intoxication, together with 


the pathological changes produced in the tissues by the poison, have 
been described in detail by various writers... The appearance of 


1 Cusuny: Archiv fiir experimentelle Pathologie und Pharmakologie, 1898, 
xli, p. 439. 

2 MULLER: /did., 1899, xlii, p. 302. 

Jacony: /did., xlvi, p. 28. 

4 FLEXNER: Journal of experimental medicine, 1897, ii, p. 197. 

§ BRIEGER: Festschrift fiir ROBERT KOCH, 1903, p. 445. 


® MARTIN: Proceedings of the Royal Society of London, 189, xlvi, p. 108, 
7 RoGeRS: Jbid., 1903, Ixxi, p. 481. 
8 FLEXNER: Loc. cit.; MULLER, Loc. cit.; OPPENHEIMER: Toxine und Anti 


toxine, 1904, p. 166 
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noticeable signs is comparatively slow, even when large doses are 
administered. The animals refuse to eat after a few hours; but the 
onset of severe symptoms is always rather sudden. Convulsions and 
opisthotonus are followed by extreme relaxation and again by a return 
of the convulsive effects. There are no truly specific symptoms to be 
noted, and the influence of variation in dosage is exhibited primarily 
in the shortening or prolongation of the latent period before the ap- 
pearance of appreciable symptoms. In no instance have we seen 
death ensuing sooner than fifteen to eighteen hours after administra- 
tion of the poison subcutaneously. Flexner reports the isolated case 
of death within six hours in a rabbit after a dose of three mgm. of 
ricia per kilo. 

Among the gross pathological changes noted, the punctiform hem- 
orrhages in the peritoneal cavity scattered over the omentum and 
along the serous covering of the intestine were those most frequently 
observed. Other similar ecchymoses were often noted. Peyer's 
patches and the retroperitoneal lymph glands were usually, though 
not invariably, found somewhat swollen and markedly congested or 
hemorrhagic. Not infrequently the peritoneal cavity contained a 
large excess of somewhat opaque fluid. Acute ulcerations of the in- 
testine were never found. In this respect, as in other details, our 
findings at autopsy agree perfectly with the careful descriptions of 
Flexner.!. This writer, in particular, has pointed out that the toxine 
of the castor bean exerts its deleterious action upon cells and tissues, 
much like the bacterial poisons. The destructive effects are evident, 
both at the point of entrance of the toxine, in the subcutaneous tissue, 
and at the places of exit, as along the stomach and intestinal wall. 
The elimination of the poison by the gut has been ascertained by 
several investigators.* The significance of this path of excretion has 
already been indicated by one of us in another connection; *® and the 
passage of the poison through the wall of the intestinal tract un- 
doubtedly accounts for the local histological lesions observed there. 
With respect to the pathological conditions produced at the site of 
injection, less uniformity of opinion appears to exist. We have 
therefore carefully noted the local effects in a large number of ani- 
mals, and have uniformly found a reddening of the subcutaneous 


1 FLEXNER: Loc. cit. 
2 Cusuny: Loc. ctt., p. 443; STEPANOFF: Annales de I'Institut Pasteur, 1896, 


X, p. 663 
8 MENDEL and THACHER: This journal, 1904, xi, p. 15. 
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tissue which not infrequently presented a distinct hamorrhagic ap- 
pearance, and only occasionally a noticeable cedematous condition. 
A noticeable necrosis was never obtained. ‘These appearances were 
all missing when non-toxic proteins were injected subcutaneously. 
It has been suggested that the pathological changes, such as inflam- 
mation and necrosis, noted at the point of inoculation, may be attrib- 
utable to contaminations introduced with the actual toxine;? our 


observations, however, lend no support to such a view 


The experiments with the various castor bean proteins, the prepara 
tion of which was described in the earlier part of this paper, at once 


showed that the toxic compound is present in the fractions represent 
ing the albumin constituent of the seed, and absent entirely, of 


practically so, from the globulin preparations. Thus in Extraction a, 


p. 263, all the fractions obtained from Solution B were toxic with 


the exception of Preparation 11, representing the proteoses of the 
seed. Since some of the fractions had become largely insoluble in 
the course of their preparation (owing to albuminate formation), it 
was difficult to secure an absolutely accurate dosage. Later we suc- 
ceeded in obtaining all of the products unaltered and in perfectly sol 


uble form. Preparation 10, the purest isolated in this series, was 


exceedingly toxic. A single detailed protocol will suffice to illustrate 


the character of all of these trials. 


A rabbit weighing 13 gm. received a subcutaneous injection of 1 c.c. of 
1 solution of Preparation 10, containing 24 mgm. per litre. 1 c.c. 

24 mgm. or 0.019 mgm. per kilo of body weight. On the followin, 

day the animal appeared sick and would not eat. During t first forty 

hours after the injection no further symptoms were noted ; within six 

ours thereafter the rabbit died. The autopsy showed the characteristi« 

pathological changes ; subcutaneous tissue and underlying muscles hemor 

rhagic at the seat of injection, not elsewhere; extensive ecchymoses on 

the omentum and outer layer of the ccecum; Peyer’s patches were not 

swollen ; the liver showed numerous light-colored spots ; intestinal and 


mesenteric vessels distended. 


A series of trials on rabbits with varying doses of Preparation 10 
indicated the delay in the lethal outcome with diminishing quantities. 
The pathological findings were essentially similar in every instance. 
The precise time of death was, of course, rarely ascertained. 

1 Grateful acknowledgment is made of the assistance of Dr. R. F. Rand and 
Dr. F. P. Underhill in making some of the many autopsies. 

? OPPENHEIMER: Toxine und Antitoxine, 1904, p. 165. 
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PREPARATION 10. 


Dose per kilo Time of death. 


0.31 mgm. 18 hours. 

0.058 * Within 48 hours. 
0.04 
0.019 “* 46 hours. 

60 

0.002 “ 82 


With these toxic effects, the observations made after injection of 
other fractions isolated from the same seeds may be contrasted. 
Where the preparations were not perfectly soluble, the amount actu- 
ally dissolved was determined as accurately as possible in separate 
portions of the solutions. Rabbits were used. 


Dose per kilo 


Observations 
of body weight 


Preparation. 
mgm. 
05 Animal remains apparently well. 
3] Do. 
8.5 Animal died in 5 days 
Animal apparently well 


Animal died after 9 days without 
typical symptoms 
Animal remains apparently well. 


Do. 


No. ll. Proteose 2 Do. 
No. 8. Albuminate 5 Animal sick, but re¢ 


Excelsin (globulin) 
from Brazil nut Animal well. 


The soluble parts of the other albumin-containing fractions 5, 7, and 
9, were all extremely toxic in doses of 1-2 mgm. No attempt was 
made to determine the lower limits of toxicity. 

In considering the fatal outcome noted above with large doses of 
two of the globulin fractions, the result is not surprising when the 
extreme toxicity of the active agent is considered. Thus a very slight 
adherence of the more soluble albumin fraction might easily render 
larger doses of globulin fatal. In comparison, however, such quanti- 
ties lose their significance. 


No, 
No] 
No 
No 
No. 3 “ 5.5 
No. 2 0.6 
mo. i. 1.2 
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The toxic character of the albumin preparations from the castor 
bean, in contrast with the other proteins present, was shown even 
more strikingly with the products isolated in the second experiment 
(p. 266). The results of the trials on animals are summarized from 
the protocols in the next table. 

These records clearly indicate the possibility of a fractional separa- 


tion of the 77czx which is found absent from the globulin and proteose 


fractions. Corresponding with the larger proportion of coagulable 
protein in 13 (70 per cent) in comparison with 15 (46 per cent), the 
former was found to be relatively more toxic as determined by the 
minimum lethal dose. On the other hand, injections of castor bean 
globulin in quantities equal to one hundred or more fatal doses of 
ricin failed to elicit toxic symptoms. The significance of the fatal 
effects sometimes produced by very large doses of intermediate frac- 
tions like 17 has already been commented upon. 

The protocols, here reported, confirm the relatively greater suscep- 
tibility of the rabbit to ricin intoxication in comparison with guinea 
pigs. Cats are apparently still less sensitive, although we have not 
determined the minimum lethal dose for these animals. ‘The experi- 
ments with cats and dogs were undertaken for the purpose of observ- 
ing the gross pathological lesions produced; they were found to be 
essentially similar to those described above. Frogs were found to be 
peculiarly resistant to the action of ricin at the temperature of the 
cold tanks in which they were usually kept. Cushny! has called 
attention to the behavior of these animals to ricin, and states that 
they may live for long periods before death from this toxine inter- 
venes. We failed to find toxic symptoms in frogs kept at low tem- 
peratures when less than 1.5 mgm. of the most active preparation, 13, 
were subcutaneously introduced. Doses of 5 to 8 mgm., however, 
killed animals of 34 to 40 gm. in from nine to eleven days. At room 
temperature, quantities as small as 2 mgm. proved fatal in one day, 
while 6 mgm. of Preparation 18 were without effect. When the 
aquarium was kept at somewhat higher temperature (25 -30 ) 2 mgm. 
of Preparation 15 rapidly killed frogs of 60 gm. in weight, while con- 
trol animals were not injured by the warmth applied. The resistance 
of this species is therefore apparently associated with the familiar 
retardation of metabolic processes at the lower temperatures. 

Ricin tmmunity. — Ehrlich? succeeded in establishing an immu 

1 CusHny: Lo 
* EMRLICH: Loc. 
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nity towards the toxic effects of ricin preparations in white mice and 
rabbits, both by feeding and by subcutaneous administration of the 


TOXICITY’ OF CASTOR BEAN PROTEINS. 


Dose per kilo 


Effects noted. 
of body weight. i 


Animal. 


mgm. | 
(0.1 Death in 1 day 
| 0.0014 Death in 8 days 
4 0.0005 Death in 7 days 
| 0.00045 
| 0.00027 


( 0.015 


0.0032 


/ 0.001 


0.0014 


Guinea-pig 0.5 


0.1 


(0. 


Rabbit 

| Guinea-pig None. 

j Rabbit None. 

(Guinea-pig ? None. 

( Rabbit Less than 0.5° Death within 4 days. 


Death in 1 day. 


l None in 12 days 


( Rabbit 


iGeutesesle None in 12 days. 


None 


| Rabbit None 


None in 12 days. 


{ Rabbit 0.136 None in 12 days. 


(Guinea pig 1.1 None in 12 days. 


1 A large abscess developed at the seat of the injection, and the animal was 
killed after thirteen days, apparently improved. 
2 Owing to the insolubility of this preparation, no accurate dosage could be made. 


Rabi 
No. 13. Albumin 70%, 
proteos 30) 
| Oe Death in § days 
Guinea-pig Death in 7 days 
(0.12 Death in 36 hours 
Death in 2] hours 
2 
Rabbit + 0 006 Recover 
= Death in 19 days 
proteose 54 
Death in 5 days. 
Cat Death in 2 days , 
= 
Dog O5 Death within 48 hours. 
No. 16. Proteoss 
No 12 Gi bulin ind al- 
buminate ; 
No. 14. Globulin and al- 
buminate . . . 
No.17. Proteose with | 
No. 18. Proteose 
No. 19. Proteose 
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toxine. In studying the toxidity of some of our preparations exhibited 
by way of the mouth, we have incidentally made a few observations 
bearing on the subject. Preparation 15 was used for the trials 
Single doses of 40, 21, and 4 mgm. respectively administered in solu- 
tion by means of a stomach tube each proved fatal to medium-sized 


rabbits in about two days. The pathological findings were typical. 


J} 
A single dose smaller than 4 mgm. failed to produce death. One 


animal received nearly 0.2 gm. in the course of about three months, 
beginning with 0.5 mgm. and increasing to I, 5, 5, 10, 25, 20, 49, 32, 
45 mgm. per dose at intervals of a few days. The rabbit remained 
well, and after an interval of a month showed no unfavorable response 
to repeated doses of 5 mgm. per os. Another animal less gradually 
immunized with a total ingestion of 62 mgm. succumbed to a follow 
ing dose of 30 mgm. in six days. 

The action of the castor bean protein preparations on blood 
The characteristic influence of ricin preparations on extravascular 
blood or suspensions of corpuscles is exhibited in the agglutination 
of the erythrocytes followed by the sedimentation of flocky masses 
upon the bottom of the retaining vessel. <A clear, practically color 
less serum is obtained in this way. The bloods from different species, 
in correspondence with our own observations, show different degrees 
of sensitiveness as they do toward bacterial lysins. Lau! has as 
serted that the corpuscles of fish blood are completely resistant to 
ricin; but Fraenkel's ? observations on Barbus fluvialis suggest that 
the immunity is a relative one merely, since larger doses produce 
agglutination. Kobert® was unable to effect an agglutination of the 
corpuscles of Sipunculus with ricin, and concluded that their stroma 
must vary in composition from that of the vertebrates. 

We have found an agglutinating power associated with all the dis 
tinctly toxic preparations from the castor bean, but not manifested 
by the globulin or proteose fractions or proteins from some other 
vegetable sources. Owing to the indefinite statements of most 
writers, it is impossible to institute quantitative comparisons as in 
the case of the toxic properties. In correspondence with the ex- 
tremely marked toxicity of our active preparations, the agglutinating 
power was likewise very high. The method of making comparative 
observations was as follows : 


1 Lau: Dissertation, Rostock, 1gol. 
2 FRAENKEL: Beitrage zur chemischen Physiologie, 


KoBeRT: Archiv fur die gesammte Physiologie, 1903, 


3, XCVIN, p. 411 
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The preparation to be tested was dissolved in isotonic salt solution 
(0.92 per cent sodium chloride) or 10 per cent sodium chloride solu- 
tion, a measured quantity introduced into a test tube, diluted with 
isotonic salt solution to make a total volume of g c.c. and mixed. 
One-half c.c. of defibrinated blood was then added, and the whole 
thoroughly shaken. Control trials without these preparations were 
always started at the same time. The agglutination is readily de- 
tected in the foam or in a thin layer of the mixture. The observa- 
tions extended over at least two hours, although the characteristic 
effects were apparent in the positive cases almost instantly with the 
larger’ doses, or within a few minutes at most. The microscopic 
appearance of the agglutinated corpuscles has been described by 
Muller.! 

Miller has noted that the agglutinating action of commercial ricin 
preparations is evident in very dilute solutions. For defibrinated 
rabbit’s blood (employed in a dilution of 1 volume of blood in 20 
volumes) the limit of activity was reached with o.o1 per cent of ricin, 
quantities as small as 0.007 per cent being ineffective even after 
twenty-four hours’ contact. 

The results of many observations on the agglutinating power of 
our castor bean preparations are indicated in a few selected data, 
summarized from the protocols. No attempt is made here to indicate 
the rate of action in the individual trials or to determine accurately 
the exact limits of activity. 

The table on page 281 shows the absence of agglutination in the 
trials with the globulin and proteose fractions. Bearing in mind that 
I mgm. of the product used represents, under the conditions of dilution 
selected, a solution of 0.01 per cent, it is evident that the limits of ac- 
tion for our ricin fall considerably below the figures set by Miller, and 
approach 0.001 per cent. The differences in the sensitiveness of dif- 
ferent kinds of blood to the same doses of ricin may be due in part 
to the unlike proportion of erythrocytes contained therein. We have 
observed, for example, that quantities of ricin which failed to sedi- 
ment 0.5 c.c. of blood might still agglutinate smaller quantities. 
Again, when larger doses of ricin were present, the clear supernatant 
serum would sediment additional quantities of corpuscles, whereas 
the fluid from trials with smaller doses failed to do this. These 
facts indicate a quantitative relation between the corpuscles and the 
ricin. Jacoby? has demonstrated that ricin is bound by the fixed 


1 MULLER: Loc. cit., p. 311. 
2 JACOBY: Beitrage zur chemischen Physiologie, 1904, vi, p. 118. 
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receptors of the red blood corpuscles. Doubtless other factors also 
participate in determining the varying susceptibility of the blood 
from different species, thus explaining the relatively large doses of 


SUMMARY OF TYPICAL SEDIMENTATION TRIALS 


Vreparation used 


umin 70 


( 0.045 


{1.0 


O.55 


bumin 46 


teose 


No. 4. Globulin. 


Excelsin (globulin) from Brazil nut 


Quantity of Agglutination 
a Kind of blood protein i sedimenta 
added present in | tion, positive (+) 
1O cc or ne alive 
mgm 
Le it once 
| 04 slow 
Dog’s 4 0.23 slow 
0.2 +s \ 
| 0.04 
No. 13. Alb’, , proteose 30% 4 0.3 
Pig’s | ite 
| 
Cat's | 
| once 
| 0.275 slow 
Dog’s | 1 0.16 
| | 0.0S 
(2.0 t once 
Calfts 
| i 
No. 15. Al, , proteose 54‘ | 
Sheep’s (20 
Cat’s 1.0 it ¢ 
4.0 
Hen’s 1.0 
; No. 12. Globulin and albuminate Dog’s 
No. 16. Proteose Dog’s 11.0 
No. 17. Proteose . Dog's 17.0 
No. 1S. Proteos Dog's 12.1 
No. 19. Proteose Dog’s 3. 
0] 
No. 10. Albumin. Pig’s 
40.03 
No.1]. Pig’s 3.2 
Pig’s 7.0 
Pig's .0 
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ricin required to agglutinate hen’s blood in our experiments (with 
Preparation 15) and fishes’ blood in the experiments of Lau! and 
Fraenkel.* The latter investigator has shown that the resistance of 
the blood of the barbel towards ricin is not due to a lack of ‘ recep- 
in the corpuscles, but rather, in part at least, to the presence of 
a strong ricin-antiagglutinine in the blood serum of this fish. No 
antitoxic action is created by it, however. 

The agglutinating property of our ricin is not thermolabile in the 
sense ordinarily applied to active sera; that is, it can be heated to 


” 


tors 


65° C. and higher for an hour without impairment of its characteristic 
sedimenting power. A dilute solution of Preparation 13, which did 
not show any incipient coagulation below 70 C., retained its agglu- 
tinating reaction when exposed to a temperature up to this point. 


We emphasize the fact that loss of this reaction is closely associated 


with coagulation of the albumin. No exact temperature can be stated, 
since this varies with the conditions under which the coagulation is 
attempted. The sedimentation was not observed to be noticeably 
hastened by keeping the tubes at 40’ instead of at room temperature, 
18°-20°. 

The chemical nature of ricin.— The foregoing experiments leave 
Jittle doubt, we think, that the physiologically active substance known 
as ricin is associated with the coagulable albumin of the castor bean. 
It remains to consider whether the toxine and agglutinine are identi- 
cal with the protein, or merely present as contaminating compounds 
precipitated with it. The tendency of colloids to carry other sub- 
stances, such as enzymes, with them when they are thrown out of 
solution is well recognized. Various considerations seem to us to 
speak against this explanation of the occurrence of ricin in conjunc- 
tion with the castor bean proteins. Ricin is not obtained in the earli- 
est (globulin) fractions with which impurities are usually deposited 
in fractional separations. The precipitation limits of the toxine and 
agglutinine are closely defined, falling between one-fifth and one-third 
of complete saturation with ammonium sulphate, and agree precisely 
with those of the albumin. Jacoby precipitated his ricin when the 
solutions contained 60 per cent of ammonium sulphate. Most per- 
tinent, however, is the consideration of the extremely small doses 
necessary to give marked responses. If one-thousandth of a mgm. 
of a compound giving, on analysis, every indication of being a rela- 


1 Lau: Loe. cit. 2 FRAENKEL: Loc. cit. 
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tively pure protein, is physiologically active in the degree character- 
ized by our experiments, the toxicity of any “impurity”? must be 
infinitely greater than that of any known toxines. 

The basis for the current statements regarding the non-protein 
nature of ricin has been derived from the experiments of Jacoby! in 
particular. In reviewing this work, Oppenheimer? wrote: “ Es ist 
also wieder eines der letzten ‘ Toxalbumine’ verschwunden, und 
damit durfte wohl dieser Begriff auch nur noch historisches Interesse 
haben. Er hat in der Entwicklung dieser Frage seine grosse Bedeu- 
tung gehabt, besonders indem er zuerst darauf hinwies, dass diesen 
Giften ganz andere Eigenschaften zukommen, als den Krystalloiden 
Giften; aber nun dirfte es wohl an der Zeit sein, ihm ein ebrenvolles 
Begrabniss zu bereiten, da er jetzt nur noch Verwirrung stiften kann.” 

Turning to the actual experiment of Jacoby, we find that he 
digested the reprecipitated product derived from 400 mgm. of Merck's 
ricin with 100 c.c. of a trypsin solution for five weeks. Thereupon 
the fraction obtained by six-tenths saturation with ammonium sul- 
phate was dissolved in 20 c.c. of 10 per cent sodium chloride solution, 
and its properties compared with an equivalent solution of the mate 
rial before digestion. Protein reactions tried on the “ purified” ricin 
were negative, but the toxic and agglutinating effects were maximal. 
In comparison with our own, Jacoby’s ‘* Ausgangsmaterial”’ must 
have been exceedingly impure; for it failed to dissolve in 10 per cent 
sodium chloride solution except as an “ opaque solution from which 
a heavy precipitate at once separated on standing” (p. 38). Such 
an impure product may readily have undergone considerable digestion 


without loss of a small fraction of soluble toxic protein. Curiously 
enough, the “purified” ricin was quickly destroyed by trypsin. 
With reference to the negative biuret reaction obtained with 
I c.c. = 100 fatal doses per kilo of rabbit, it may be noted that our 
proteins were active in solutions far too dilute to give this test even 
after some concentration. (Cf. 13, p. 278.) In view of their impor- 
tance, we have repeated the trypsin digestion trials upon one of out 
purer preparations. The digestive agents were Grubler’s trypsinum 
purissimum and a very active pancreatic extract prepared from 
hashed pancreatic glands by extraction with toluol water, filtration, 
and long standing.’ Protocols follow: 

1 Jacony: Archiv fiir experimentelle Pathologie und 
xlvi, p. 35. 

2? OPPENHEIMER: Toxine und Antitoxine, 1904, p. 164 

’ Mays: Zeitschrift fur physiologische Chemie, 19 
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I. Dec. 23. — 0.738 gm. of ricin, Preparation 15, was dissolved in 73 c.c. of 
the active filtered pancreatic extract, toluol added, and kept in a closed 
vessel at room temperature, later at 35°: 

Solution A. 1 c.c.=10 mgm. of the ricin preparation. 73 C.c. 
of the same pancreatic extract were preserved similarly with toluol for 
control trials = Solution B (no ricin). 

Fan. 19. 1 c.c. of Solution A still gave a coagulum on heating, 


and agglutinated red corpuscles. 


y 
feb. 7. 5 c.c. of Solution A= 1 mgm. of the ricin preparation, failed 


to produce agglutination in dog’s blood in the usual way; ;, c.c. of 
Solution B+ 1 mgm. of the ricin, Preparation 15, acted at once. 4} c.c. 
of Solution A=5 mgm. of the ricin preparation, still produced aggluti- 
nation. <A and B contained only traces of material precipitable by heat. 
With 1 c.c. of either the biuret reaction could not be demonstrated in 
the dark fluid. 

May 21. 1 c.c. of Solution A=10 mgm. of the ricin preparation 
Jailed to agglutinate cat’s blood. 

1 c.c. of the control solution B + 1 mgm. of the ricin, Preparation 15, 
was speedily active. 

Fune 1. A rabbit of 2400 gm. received subcutaneously a portion of 

Solution A diluted and containing the equivalent of 0.72 mgm. of the 
ricin, Preparation 15,= 0.32 mgm. per kilo. This quantity of 15 repre- 
sents several speedily fatal doses. The animal showed no toxic symptoms 
during the five weeks in which it was under observation. 
March 28. 0.25 gm. of Preparation 15 was dissolved in 50 c.c. of the 
active pancreatic juice used in Experiment I, and put aside at 35° with 
toluol in a stoppered flask = Solution C. 1 ¢.c.=5 mgm. of the ricin 
preparation. 

For purposes of control another portion of the extract alone = Solution 
D, was also put aside. 

May 21. 1 c.c. of Solution C=5 mgm. of the original preparation 
of ricin, failed to sediment cat’s blood ; whereas 1 mgm. of the original 
ricin Preparation 15, added to 1 c.c. of Solution D (pancreatic extract), 
was active very speedily. 14 c.c. of Solution C showed no biuret reaction. 

May 29. A rabbit weighing 1500 gm. received a subcutaneous injec- 
tion of Solution C diluted, equivalent to 0.15 mgm. = 0.1 mgm. per kilo. 
Despite the fact that this dose had repeatedly been found to be fatal within 
thirty-six hours, the animal survived until June 3, when it was killed in a 
dying condition. ‘The animal thus lived five days, indicating that the 
dosage of ricin was far smaller than calculated for the original preparation 
used. ‘The autopsy findings were extremely typical. 

March 28. 0.235 gm. of Preparation 15 + 0.5 gm. Griibler’s trypsin were 
dissolved in 47 c.c. of water, toluol added, and placed in a stoppered 


II. 

III. 
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flask at 3 
Solution I c.c. = 5 mgm. of the ricin preparation. 
May 21. 1} c.c. of Solution E still 


reaction. Foe Solution E=5 mgm. 


The trypsin was tested with fibrin and found to 


5 
E, 


S] 


2 c.c. of Solution E=2 mgm. of ricin failed, althougl 
undigested ricin solution was effective on the same blood 
conditions. 

Ma) 29, A rabbit of 15¢ gm. body weight received a dose of Solut 
E diluted, equivalent to o.1 mgm. of the original ricin preparation. The 
animal was not perfectly healthy when used for the experiment, nevertli 


less it survived nearly four days instead of twenty-four to thirty-six hours 


EFFECT OF PANCREATIC DIGESTION ON RICIN, 


Experiment [. 


Experiment 


Experiment III 


In all of these digestive trials both the toxicity and agglutinating 
power of the ricin has been impaired or destroyed along with the 
loss of protein properties. As was to be expected, if ricin is truly 
protein in nature, Solution E, in which the digestion had not ad- 
vanced as far as in the other trials, retained more of its original 
activity. Any inhibitory action of substances derived trom the 
digestive extracts was excluded by the control experiments with 
undigested ricin and comparable samples of the juices. 

We have no evidence to offer at present regarding the probability 
of the independent existence of the active groups in the ricin mole 
cule. Several writers have assumed that the toxic, agglutinative, and 
hemorrhagic properties are distinct and separable. Miller found 
that Merck’s ricin lost its agglutinating power after treatment with 
pepsin-hydrochloric acid, without disappearance of the toxici 
solution. This fact, of itself, does not suffice 


nature of ricin unlikely; for it is not difficult 
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compound as having, in terms of Ehrlich’s theory, both “ toxophore ” 
and “ agglutinophore” groups, one of which is more readily destroyed 
than the other. 


SUMMARY. 


The chemical study of the castor bean indicates that it contains 
proteins of the same character as the other oil-seeds which have 
been examined: namely, (1) a considerable quantity of a crystallizable 
globulin; (2) a much smaller amount of a coagulable albumin; and 
(3) proteoses. The elementary composition and reactions of these 
substances have been ascertained. 

The physiological properties — marked toxicity and agglutination 
of blood corpuscles — ascribed to the substance known as ricin are 
associated with the coagulable a/dumin of the castor bean. This 
protein was isolated in a state of considerable purity without impair- 
ment of its solubility or physiological action, and an improved method 
for the separation of ricin is thus introduced. 

Our ricin preparations retain a considerably higher toxic power 
than those heretofore described, a limit of 0.001 mgm. per kilo being 
exceeded as a fatal dose in rabbits. The toxic symptoms and the 
gross pathological conditions induced have been compared with those 
of previous investigators. The behavior of various species of animals 
towards the ricin albumin has been studied, and the susceptibility 
of frogs found to be greatly increased when they are subjected to a 
warm environment (above 25° C.). 

The activity of the new preparations in agglutinating mammalian 
blood corpuscles is likewise very great, 0.001 per cent sufficing in 
some instances to sediment dilute blood suspensions. This power is 
not destroyed by heat below the coagulation temperature of the 
albumin. 

The effect of trypsin on the active albumin (ricin) has been 
studied; the characteristic physiological properties are greatly im- 
paired or destroyed by vigorous pancreatic digestion. A “ purifica- 
tion” of ricin by such a method has failed. 

The evidence respecting the protein nature of ricin has been dis- 
cussed. The present investigation affords no satisfactory reason for 
denying the identity of ricin with the coagulable albumin of the 


seed. 


THE MASS-MOVEMENTS OF THE CIRCULATION AS 
SHOWN BY A RECOIL CURVE 


By YANDELL HENDERSON. 


[From t Physiolosical Laboratory of the Yale Medical § 


HE volume curve obtained by enclosing the heart in a plethys- 
mograph connected with a tambour records the volume of 
of 


the pumping chambers. In the course of a series of observations on 


each systolic discharge and the details of the filling and emptying 
the volume curve of the heart in the dog, the writer was led to con 
sider the need for a method of obtaining similar information as to the 
human circulation under normal and pathological conditions. To 
record the volume of the systolic discharge and the movements of 
the blood in the thoracic vessels of a normal man with the thoracic 
walls intact, would at first sight appear impossible. Yet at least 
three methods of attacking the various parts of this problem have 
been subjected to investigation. 

The first of these methods to be studied with this end in view was 
that offered by the cardio-pneumatic curves. These curves express 
the movements of the air in the respiratory tract caused by the 
changes in the volume of blood in the thorax.: The utilization of 


by Haycraft 


these curves for clinical purposes has been attempted 
and Edie. The difficulties of rendering the method practicable for 
clinical use proved, however, to be insurmountable. 

A second possible line.of attack on this problem is afforded by the 
X-ray shadow. The application of this method to the study of the 
movements of the alimentary canal has in the hands of Cannon 
proved extremely effective. The observation of the human thorax 
by this means has already been developed to a condition of great 
clinical importance. Yet an examination of the literature of the 


1 For a review of the extensive literature of this subject, see MELTZER, S. J 
This journal, 1898, i, p. 117. 
2 HaycraFt, J. B., and Epie, R.: Journal of physiology, 1891, x 13 
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subject and a few personal observations seemed to the writer to lend 
no encouragement for an attempt to obtain from this method data 
expressible in cubic centimetres of blood. 

A third and very promising method of estimating the volume of 
blood discharged into the aorta at each heart beat has recently been 
described by Erlanger and Hooker. By the use of the sphygmoma- 
nometer in the improved form, devised by Erlanger,’ the “ pulse- 
pressure” (the pressure-height of the pulse wave, or the difference 
between systolic and diastolic pressure in the systemic arteries) is 
readily determined.” Erlanger and Hooker hold that (with certain 
limitations) the “ pulse-pressure” varies directly with the volume of 
the systolic discharge of the heart. 

The purpose of this paper is to describe still another method of 
estimating the volume of blood moved at each heart beat. While the 
results thus far accomplished fall far short of completing the investi- 
gation of the subject, they are sufficient to allow a brief preliminary 


report. These results are, however, not precisely those which were 
sought. The method here described gives not the volume changes 


of the ventricles, but a curve which expresses the algebraic sum of 
all the mass-movements of the circulation. 

Probably every one has occasionally been kept awake by the rat- 
tling or creaking of his bed in unison with his heart beat. At such 
times one may notice slight but distinct vibrations of the entire body 
alternately headward and feetward. Consideration of the cause of 
these vibrations shows that the movement of the body in one direction 
must be due toa movement of blood in the opposite direction. If the 
body were supported in such a manner that its movements were not 
appreciably opposed by friction, it is evident that every mass-move- 
ment of blood headward or feetward would be associated with an 
exactly equal mass-movement of the body in the opposite direction. 
The principle involved is nothing more than that “ every action has 
an equal and opposite reaction.” It cherefore during systole 100 
em. of blood were moved 7 cm, headward, the remainder of the body 
of a man weighing 70,100 gm. would be moved 0.o1 cm. in the feet- 
ward direction. The centre of mass of the entire system (the body 
as a whole) would remain absolutely stationary. Furthermore, the 


1 ERLANGER: This journal, 1902, vi, p. xxii: and ERLANGER, J.: Johns Hop- 


kins Hospital Reports, 1904, xii, p. 53. 


ERLANGER, J., and HooKER, D. R.: Johns Hopkins Hospital Reports, 1904, 


xii, pp. 153-164 and p. 377 
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arrest of the movement of the blood would bring the body to rest 


simultaneously. If there occurred a movement of blood headward, 
ds in the veins, simultaneously with a movement of blood feetward, 
as in the aorta, the corresponding movement of the body would equal 
their algebraic sum. The curve obtained by recording these move 
ments of the body by means of a lever tracing upon a moving surface 
affords, therefore, a direct quantitative expression of the algebraic 
sum of the mass-movements of the circulation. It is the Recoil 
Curve of the circulation as a whole. 

So far as the writer has been able to learn, no observations on this 
subject are recorded in physiological literature, except a brief state- 
ment accompanied by a few tracings, which was presented by the 
writer before the American Physiological Society at its meeting in 
December, 1904.' The recoil curve is entirely different from the 
ordinary sphygmogram. It measures factors distinct from, and 
largely independent of, blood pressure. The “swinging table” de- 
scribed below is constructed on a different principle from the “ bal 
anced table” of Mosso.2. The purposes to which the two pieces of 
apparatus are applied are wholly different. 

The first records of the recoil curve were obtained by means of a 
plank suspended by wires froma high ceiling. The plank was free 
to move in every direction; and with a man lying upon it, had a pen- 
dulum period of about five seconds. A light lever magnifying the 
movements one hundred times was attached to the plank and ar- 
ranged to write upon a smoked drum. At first a foot brace and 
handles were fastened on the plank, in order that the person under 
examination might attach himself firmly to the plank or “ swinging 
table,” as it may be called. The brace and handles were found to be 
unnecessary, however, as the weight of the subject is sufficient to 
carry the table through the full recoil movements, even when the 
person is fully dressed. 

With such a table the heart beat causes not only longitudinal but 
also lateral movements. The latter have not yet been examined in 
detail. In fact it is necessary, in order to record the longitudinal 
movements with accuracy, that the lateral movements should be pre- 
vented. It is also necessary, not only that the person under exami 
nation should lie absolutely still, but that he stop breathing during 

1 HENDERSON: This journal, 1905, xiii, p. xxv 

2 Mosso, A.: Fear (English translation of fifth Italian editio LOUGH, I 
and KILson, F.: 1896), chapter v, sections iii and iy 
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the time of the heart beats recorded. Herein indeed lies the chief 
difficulty of the investigation, for while the total amplitude of the 
recoil movements is only a tenth of a millimetre, and some of the 
features of the curve amount to less than a tenth of this distance, 
respiration swings the body through a distance of many millimetres. 
Lastly, in order to avoid so far as possible errors from the table 
swinging back, after being moved out of plumb by the recoil, a pen- 
dulum period many times longer than the cardiac cycle was found 
necessary. 

In attempting to avoid these difficulties several other forms of 
support for the table were tried. Thus the plank was placed on 
wheels on a track, and later on ball bearings such as are used for 
book-case doors. But this method proved to have even greater 
difficulties than the first. Next the plank was supported upon soft 
rubber stoppers. Upon each of six large stoppers a small stopper 
was placed. One pair was set under each corner of the plank and 
under the middle on each side. From the table so arranged tracings 
are readily obtained even while the person lying upon it is breathing 
normally. This great advantage is more than offset, however, by the 
elasticity of the rubber introducing a recoil of its own. Thus, while 
this method affords an easy demonstration of the existence of the 
recoil movements, it does not appear capable of yielding accurate 
curves. A similar difficulty was experienced in an attempt to record 
the tension of the recoil from the bending of a heavy spring made 
stationary at one end, and attached to the table at the other. 
Another method, which may be briefly mentioned, is the use of an 
ordinary balance. Upon the short arm of the balance the person 
was suspended in the standing or sitting posture, and the body 
weight counterbalanced by weights on the long arm. As this method 
practically doubles the mass to be moved, it was rejected together 
with the others above described. 

On pages 291 and 292 is a brief description of the apparatus now in 
use. 

As already stated, the greatest difficulty encountered has been to 
devise a method which would eliminate the swinging of the body and 
table under the influence of respiration. Various methods of damp- 
ing have been tried. Thus it was found that if a small piece of 
cotton wool or felt be pressed lightly against the table, the respira- 
tory movements practically disappear. The recoil movements of the 
circulation can then be recorded even while the subject is breathing. 
But with this arrangement the errors referred to in the discussion of 
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the arrangement of the table on rubber stoppers, are liable to appear. 

The method employed in obtaining the tracings herewith reproduced, 

was to provide the subject with a little whistle. On this whistle he 

was instructed to blow a long, steady, but not loud blast. The pres- 

\4__| FiGuRE 2.—In Figure 2 is shown the arrangement of the 


recording lever. Attached to one corner of the table 7’ 
by the hinge // is a strip of stiff steel (15 by 1.2 by 


0.2 cm.). By means of the spring S§ the strip of steel 


is held against the whee] W. This wheel is ground with 
the utmost precision to a diameter of 10 mm. Fastened 
i( to the wheel is an aluminum rod 10 cm. long which 


connects by means of a link with the lever B. The 
short arm of this lever, which is also of aluminum, is 
3 cm. in length, the long arm to the writing point 15 cm. 
rhus every movement of the table is magnified 100 


times with an error of probably less than 1] per cent. 


The advantages of the arrangement are that the con- 
nection between the table and lever is broken by simply 
loosening the spring, and that in any position of the 
table the lever is easily set to write upon any part of 
the smoked paper on the drum on which is recorded 
the recoil curve. Throughout these investigations a 


drum turning on a horizontal axis has been used, in 


order to avoid distortion of the recoil curve by the 
weight of the lever influencing the swing of the 


table. 


sure developed within the thorax by blowing a small whistle is incon- 
siderable, while the arrest of respiration is sufficient for the purpose. 
It is difficult to get even an educated man to stop breathing for 
five or ten seconds. It is next to impossible to get the ordinary 
subject of treatment in a free clinic to do so. Persons affected with 
disorders of the circulation are furthermore especially short of breath. 
Asking the subject to blow on the whistle makes it possible, there- 
fore, to obtain a recoil curve from persons whom it would otherwise 
be impossible to examine. 

In the tracings reproduced here, the pulse tracing was taken 
simultaneously with the recoil curve, by means of a small funnel 
pressed upon the throat over the carotid, and connected with a 
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tambour. The purpose of the sphygmogram is solely to indicate the 
positions in the cardiac cycle of the various features of the recoil 
curve. As the latter demands the undivided attention of the ob- 
server if accurate records are to be obtained, technical perfection 
in the pulse records has necessarily been sacrificed. 


DATA IN CONNECTION WITH TRACINGS 


Recoil movements.! 


S expressing the 
, are obtained by measuring 


by the magnification of the recording ] 


by multiplyi: 


In the analysis of the recoil curve, its various factors may | 


expressed by the equation Wx D=w x dor” =~; in which Wis 
ad 


the body weight, Y the distance through which the body is moved 
(or the length of the ordinates of the recoil curve), z the weight of 
the blood moved, and d the distance through which this blood is 
moved. How far the values of d@ are obtainable from anatomical 
data we shall not now stop to consider. For each point in the 
recoil curve this factor is probably some quite definite fraction of the 
height of the person examined. For purposes of comparison between 
persons of different heights it would be proportional to their height. 


Tracing Subject. Age Body 
1 Height. 
NO Initials Years weight 
D D / / i) 
kilos cm 
I J. D. McG 23 73 173 35 117 155 1: 3.0 
[I R. H 25 65 165 38 9) 129 2.4 
IT] H. D 28 62 164 +5 $9 134 2.0 
I\ M.A. P 20 71 173 ++ 107 151 x 
\ 25 70 LSO 6S 15S 226 2.3 
VI F. M.A 24 75 178 +S 103 15] ble 
VII Xx 20 6) 171 +4 123 167 2.8 
VIII M.N 65 163 25 6] 
IX 8.5 tS 73 170 17 54 71 
The figur , headward a feetwa / 
In micro-millin the tracings, taking t I rage, 
dividing this by = es ever, and correcting for the weight 
. , . we t of ta body w t 
of the swinging table by the fraction 
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The factor @ may therefore be replaced by 4, the integer expressing 
J) 


the height. The equation then takes the form “ al Now = 


I] 


signifies the amount of blood per unit of body weight, moved 
each cardiac cycle; while z's the amplitude of t 


he recoil curve cor 
rected for the height of the person. For purposes of clinical com- 
parison the amplitude of the recoil curve thus corrected affords 
therefore a measure of the volume of the systolic discharge of the 
heart per unit of body weight. 

With this hypothesis the tracings, of which a few examples are 
herewith reproduced, are in complete accord. Thus, while the recoil 
curves from all normal persons exhibit the same features in the same 
relations to the sphygmogram, the scale of these curves varies 
greatly. Without exception the recoil curves of young men 
athletic habits and more than ordinary muscular development are 
of considerable size (see tracings I and V). Tracings from women, 
and from men of sedentary habits and slight muscular development 
(especially when this condition is associated with a considerable 
amount of adipose tissue), are, on the contrary, of notably small size 


(as illustrated by tracings VIII and IX). 


A further experimental test of this hypothesis is afforded by th 
observation that the recoil curve frequently exhibits a gradual dit 
nution in amplitude with successive heart beats (as in tracing VII) 
This diminution almost invariably occurs when the subject blows t 
vigorously upon the whistle. It seems reasonable to infer that tl 
increased pressure within the thorax thus produced, by opposing thi 


flow of blood to the right auricle and vena cavaz (as in Valsalva’s 


experiment ), diminishes the volume of blood which the ventricles « 
charge at each beat, — hence the diminution in the recoil of the body. 
Figure 3 presents a summary of several hundred observations 
In the first (4) of the three heart beats here represented, the hori 
zontal parallel lines are drawn at distances equivalent to ten microns. 


Thus the curve is graduated to express the values of the factor D for 
normal men between twenty and thirty years of age, as calculated for 
a man of 170 cm. height upon a weightless table. In heart beat (/') 
are shown the directions of the recoil movements of the body with 
respect to the centre of gravity of the system, represented by the 
abscissa, together with the movements in the opposite direction of 


the blood represented by the dotted line. In (C) the relations of 
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the recoil curve to the carotid pulse are shown by synchronous 
lines. 

Examination of this diagram reveals the following points: 

(1) Shortly before the appearance of the pulse wave in the 
carotid, there occurs (JD,) a slight headward movement (I to 4 
microns), The cause of this movement, coming as it does before 
the discharge into the aorta and pulmonary artery begins, is probably 
to be found in the feetward movement of the blood in the heart and 
of the heart itself incident to the onset of systole. 


Gravi ty 
Feeltward — 


Systole Diastole 


FIGURE 4. 


(2) This slight movement is followed (D,) by a rapid and consider- 
able feetward movement (35 to 40 microns). As this jump of the body 
corresponds almost absolutely to the rise of the pulse wave, it seems 
beyond question to be assignable to the rush of the blood headward 
into the arch of the aorta, and into the large pulmonary arteries. 

(3) The instant the pulse wave passes the arch of the aorta and 
starts feetward along this vessel, the body is: thrown headward 
(D,=90 to 125 microns). 

In respect to this movement, attention may be confined almost 
wholly to the events occurring in the left ventricle and in the aorta 
throughout its entire length; for it does not seem likely that the pul- 


monary circulation plays any considerable part in this headward 
jump. The reason for this opinion may be gathered by considering 
the anatomical relations as shown in Fig. 4. It can here be seen 


| 
| 
Carotid 
Pulse - | 
A B C | 
 } = | 
| \ 
= 
Centre 
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that once the larger pulmonary arteries are distended, every cubic 


centimetre of blood, which is thereafter discharged from the right 


ventricle headward, will push an equal volume of blood feetward into 
the terminal arteries and capillaries of the lungs. Since these arteri- 
oles and capillaries are at approximately the same level as the ven- 
tricle itself, the recoils incident to the 

flow in opposite directions will largely 

neutralize each other. In the descending 

aorta, on the other hand, the distance 

through which the blood is moved feet- 

ward is relatively large. Thus the re- 

sultant of the discharge headward out of 

the ventricle, and of the movement feet- 

ward of the column of blood in the 

aorta, may be represented by the long 

arrow in Fig. 4. If, in order to illustrate 

this point, the length of the arrow be 

assumed to be 25 cm. (factor @), when 

the observed recoil of the body (factor 

D) is 125 microns, the weight of the 

blood moved must be o.5 gm. per kilo 

body weight. In this reaction the flow 

of the blood in the carotid and brachial 

arteries will, of course, augment or di- 

minish the extent of the recoil, accord- 

ing as the direction of its movement be 

feetward or headward. To some minor 

movement of this sort is perhaps to be assigned a minute not 

not infrequer tly occurs in the systolic rise of the recoil cur\ 


In this connection it may be pointed out that, if the above 


tions are correct, an exaggeration of the headward systolic 1 

a diminution in the preceding feetward recoil, should appear when 
the elasticity of the aorta is below normal, while the rev > should 
occur when there is an aneurism of the aortic 


of these and related topics is left for a later paper. 


(4) As the systolic discharge comes to an end and 


notch occurs in the carotid 


pulse curve, the headward m 
the body ceases. Then as the pulse rises in the secondary 
body is moved feetward. In considering the 


tolic movement (/),,) two points are to be 
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extent and direction of the recoil of the body indicates a considerable 
mass-movement of blood headward, and that the time occupied by 
this recoil corresponds with great regularity to the rise of the pulse 
curve from the bottom of the dichrotic notch to the summit of the 
secondary wave. Such a movement of blood at this time might be 
explained as due toa reflected wave returning headward along the 
aorta. But it seems to the writer much more probable that its cor- 
rect interpretation is to be found in a rapid ebb of blood from the 
rear of the primary wave through the trough which follows this wave 
(represented in the sphygmogram by the dichrotic notch), into the arch 
of the aorta, where the blood thus collected forms the secondary pulse 
wave. The extent of the body’s recoil to this diastolic movement 
appears to vary widely in different individuals. 

(5) During the remainder of diastole, the only feature of the recoil 
curve which calls for notice is a slight wave which frequently occurs 
near the middle of the period. 

In the foregoing discussion no reference has been made to the flow 
of the blood in the veins, because the slow and nearly uniform move- 
ment in these vessels probably plays little if any part in the recoil 
movements of the body. So also the filling of the ventricles during 
diastole makes no considerable mark on the recoil curve. This may 


be explained by supposing that while the volume of blood which flows 
from the auricles into the ventricles is large, the distance through 
which the blood thereby moves feetward is small. If these supposi- 
tions are correct, they lend further support to the view that the prin- 
cipal causes of the recoil movements of the body are to be found in 
the extensive movements of the blood incident to the pulse in the 


aorta. 
SUMMARY. 


In this paper it is shown that under the influence of the mass- 
movements of the circulation, the body recoils at each heart beat 
feetward, headward, and again feetward. By means of a “swinging 
table’ these movements can be magnified one hundred times and re- 
corded in the form of a “ recoil curve.” The amplitude of these re- 
coil movements of the body is held to be proportional to the volume 
of the systolic discharge of the heart. 

In closing this paper the writer wishes to express his thanks to 
Dr. L. P. Wheeler, Instructor in Physics in this University, for valu- 


able criticism. 
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SOME OBSERVATIONS ON THE ENZYME CATALASI 


By PHILIP SHAFFER. 


[ From the Department of E-xperime 


- yaonaengtatonagl was responsible for the belief generally held until a 
few years ago, that the decomposition of hydrogen peroxide was 
a property characteristic of all ferments. In 18g2 Jacobson? rep 
some experiments which should have clearly proven the fallacy of tl 
idea, but neither this author nor any following him have drawn st 
conclusion from his work. Jacobson showed that there is no para 
between the catalytic action of preparations of the enzymes emulsin, 
trypsin, and diastase on hydrogen peroxide, and their othe 
and was able to separate the property of decomposing hy 
oxide from the other particular properties of these enzymes 
ways. Spitzer * later claimed that this catalytic property 
mon to all ferments, but is due to the same enzyme whi 
blueing of guaiac in the presence of hydrogen peroxide 
peroxidase, 
Loew,* in 1901, showed this to be erroneous, and prove 
decomposition or catalysis of hydrogen 
ticular enzyme of very wide occurrence | 


doms, which he called “ catalase.” ‘This 


tobacco leaves and from various other sources two v 


enzyme, a- and #-catalase. According to L 
only in dilute alkalis, which slowly de 
of 8-catalase. The variety is solt 


ties of an albumose. a-catalase he considers a 
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Is CATALASE AN QOXIDIZING ENZYME ? 


By isolating this enzyme as far as possible in a pure condition, 
Loew attempted to determine whether catalase is concerned in any 
reaction other than the decomposition of hydrogen peroxide. He 
decided from his experiments that, apart from this reaction, catalase 
is a true oxidizing enzyme. He pointed out that “ the fact that cata- 
lase energetically decomposes hydrogen peroxide would not in itself 
justify the inference that catalase is also an oxidizing enzyme,” but 
thought that such a deduction is probable on account of the analogous 
properties of platinum black. He based his conclusion, however, on 
the observation that supposedly pure preparations of 8-catalase, ob- 
tained from the juice of poppy seed, sweated tobacco, etc., caused an 
oxidation of hydrochinone, giving after fifteen minutes “ the charac- 
teristic quinone odor which after twenty-four hours became very 
strong.” He tested for “ oxidase” and “ peroxidase” and for other 
enzymes in these preparations with negative results. He did not 
find that his preparations of catalase produced any other oxidizing 
reactions, and explained this on the ground of the specificity of 
enzymes. 

It seems to me practically certain that the preparations used by 


Loew did contain, in addition to the enzyme catalase, other different 


enzymes or substances which produce the darkening of solutions of 
hydrochinone and its oxidation to quinone. In some experiments 


lon 


which I have carried out in conjunction with Dr. B. H. Buxton 
the enzymes in tumors, and in embryonic and normal tissues, no fresh 
animal tissues have been examined which did not give a reaction with 
hydrogen peroxide, indicating the constant presence of catalase, but 
frequently no reaction with hydrochinone was obtained. This fact 
would seem to be conclusive evidence against the statements advanced 
by Loew to prove that catalase is an oxidizing enzyme.” 

Catalase is, however, usually classed with and treated in connection 


BUXTON and SHAFFER: Journal of medical research, 1905, viii, p. 543. 
The experiments mentioned above were carried on only with animal tissues. 


seems not unlikely that the catalases of animal and vegetable origin may be 


te different. LIeBERMANN (Archiv fiir die gesammte Physiologie, 1904, civ, 
1 the catalytic power of animal tissue extracts much more resistant 

it than was the catalytic power of extracts of vegetable tissues. If the catal- 
sare not identical, it may be possible that vegetable catalases have the property 


xidizing hydrochinone, though it does not seem probable. 
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with oxidizing enzymes, — oxidases and peroxidases.!_ Another reason 
for such a classification is doubtless the particular reaction which cata 
lase brings about, — the decomposition of hydrogen peroxide with the 
evolution of oxygen. 

Until very recently, so far as I am aware, no experiments have been 
attempted to determine whether in this decomposition the oxygen 
liberated is or is not in an atomic or nascent condition. In the decom- 
position of hydrogen peroxide by catalase as well as by colloidal metals, 
the final products are water and molecular oxygen.” If the reaction 
take place in some such manner as the following, 


H.O, + O 


whereby one atom of oxygen is set free from each molecule of per- 
oxide, this nascent oxygen would be able to produce vigorous oxida 
tions, and under such conditions catalase might properly be called an 
oxidizing enzyme. The reaction, however, does not appear to proceed 
in this way. 

Recently Liebermann,’ in a series of papers having as his purpose 
to learn the limits of analogy between organic and inorganic ferments, 
reported that in solutions of colloidal platinum which vigorously de 
composed hydrogen peroxide he was able to demonstrate active or 
atomic oxygen. He was not able to detect active oxygen in extracts 
of malt and of other vegetable and animal tissues which likewise de- 
composed hydrogen peroxide vigorously. From a number of experi- 
ments, which it is not necessary to cite here in detail, Liebermann 
concluded’ that active solutions of colloidal platinum contain active 


oxygen, and furthermore that in the case of such “ inorganic ” ferments 


the reaction with hydrogen peroxide takes place as follows: 
Platinum-oxygen compound + H,O, -» Platinum + H,O 


a part of the molecular oxygen again combining with two parts 


(molecules ?) of platinum to give platinum-oxygen compound, 
2Pt+ O-— 2PtoO. 


1 Jacopy: Ergel ler Physiologie, 1903, 
Fermente und ihre Wirkungen, Leipzig, 1903; BACH 
Centralblatt, 19 

2 In his book, “ Die Fermente und ihre Wirku: n, a PPENHEIMER 
twice states that hydrogen peroxide is decomposed into hy¢ sen and oxygen 
(pp. 350 and 352). his is of ¢ 

8 LIEBERMANN: Archiv fur die gesammte Phy 
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From the fact that he was not able to detect active oxygen in extracts of 
plant and animal tissues, one is inclined to doubt, as did Liebermann, 
whether the mechanism of the reactions is the same in the two cases. 
He accordingly suggested a different explanation for the catalysis of 
hydrogen peroxide by extracts containing catalase. According to 
Liebermann the reaction in such cases takes place with a temporary 
oxidation of the enzyme by the peroxide with the formation of a true 
oxygen-enzyme compound, which reacts with another molecule of the 
peroxide with the liberation of mo/ecu/ar oxygen. 


ferment + H,O, — ferment — O + H.O 
and 


ferment — O + H,O, -» ferment + H,O + O,. 


This explanation seems at first very similar to his explanation of 
the catalysis of hydrogen peroxide by colloidal platinum. A funda- 
mental difference is, however, that the platinum-oxygen compound is 
formed by the action of molecular oxygen, and is unstable, its oxygen 
being in a very active condition ; while the ferment-oxygen compound 
is formed only by hydrogen peroxide, or perhaps by similar organic 


peroxides, is comparatively stable, and its oxygen is not therefore in 


an active condition, being given up only to hydrogen peroxide with 
the formation of water and molecular oxygen, or to very easily oxidiz- 
able substances. 

In the course of some experiments, planned originally for another 
purpose, I observed a fact which leads me to agree with Liebermann 
that active or nascent oxygen is not liberated in the action of extracts 
of animal tissues on hydregen peroxide. When hydrogen peroxide 
is added to a solution of uric acid, the latter is slowly oxidized with- 
out any evolution of oxygen gas being observed. If enough per- 
oxide is added, the uric acid after a few days is found to be entirely 
destroyed. If, however, there is a considerable concentration of the 
enzyme catalase present, the uric acid is Protected from oxtdation., 
This, I think, can be explained only by supposing that the oxygen 
liberated by the action of catalase on hydrogen peroxide is in a less 
active (molecular) condition than is the oxygen formed by the spon- 
taneous decomposition of the peroxide (atomic oxygen). In accord- 
ance with this idea, there seems to be no reason for longer considering 
catalase as an oxidizing enzyme, for it not only reduces hydrogen 
peroxide, but appears to effect this in. such a manner as to prevent 
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oxidations which would readily take place from the spontaneous 
decomposition of the peroxide. This protecting action of catalase 
seems to have some bearing on the question of the physiological 
function of the enzyme. 


THE PHYSIOLOGICAL ROLE OF CATALASE. 


Loew! considers it very probable that hydrogen peroxide is formed 
in the tissues of the living organism by the processes of respiration 
and oxidation. There is but little satisfactory experimental evidence 
either in favor of or against this idea. 

Bach and Chodat? have been able to show that peroxides are 
formed in certain vegetable cells, and these authors, as well as Kastle 
and Loevenhart,’ think that the enzyme oxidase is of the nature of a 
peroxide. Bach and Chodat claim that the reaction of plant oxidases 
in blueing guaiac, liberating iodine from hydriodic acid, etc., is due to 
an activation of the peroxidase which is also present, by the oxidase, 
which acts just as does hydrogen peroxide. There is, in addition, the 
teleological argument that either hydrogen peroxide or a similar perox- 
ide is very likely formed, since we find very widely distributed an 
enzyme which seems to have no other property than the decomposi- 
tion of hydrogen peroxide. Until we have good reason to believe the 
contrary we may, perhaps, be justified in assuming that either hydro- 
gen peroxide or a similar substance is formed in the body during the 
complicated processes of oxidation. 

Accepting this premise, Loew assigns to catalase the rdle of de- 
stroying every trace of this substance (peroxide) as quickly as it is 
formed. In support of this view he mentions the strongly toxic action 
of hydrogen peroxide, and concludes that if it were not removed as 
fast as formed injurfous oxidation of the protoplasm would result, 
ending in the death of the organism. His reasoning here does not 
seem very clear. Since the enzyme catalase is of such general dis- 
tribution, the toxic action of H,O, on the living organism must in all 
cases be, at least to a great extent, the result of its decomposition by 
the catalase. If it were possible to remove catalase entirely from a 
living cell, then it would be possible to determine the action of hydro- 


1 LoEw: Loc. cét., p. 42. 
2 Bacuh and Cuopar: Berichte der chemischen Gesellschaft, 1902, 
275, 2405, 3943, and xxxvi, p. 606; Biochemisches Centralblatt, 1903, i, | 


§ KASTLE and LOEVENHART: American chemical journal, 1902, xxvi, | 


XX pp. 
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gen peroxide itself on the protoplasm: but this cannot be done with- 
out the death of the cell. If it could be done, however, it is more 
than probable that some injurious oxidation would take place, for the 
experiments to be mentioned show one oxidation which proceeds 
readily by hydrogen peroxide acting alone but which is retarded or 
prevented if catalase is present. 

Without some explanation, such as that proposed by Liebermann ! 
for the mechanism of the reaction of catalase and hydrogen peroxide, 
it is difficult to understand the rdle which Loew has proposed for 
catalase. We know that hydrogen peroxide is a fairly strong oxidiz- 
ing agent. Being quite unstable, it slowly breaks down with the 
formation of atomic oxygen, which is in a condition to produce very 
difficult oxidations.” 

If the enzyme catalase is a true catalytic agent, as Loew seems to 
have believed it to be, it merely accelerates the natural slow decom- 
position of hydrogen peroxide, liberating in a given time a larger 
quantity of “active” oxygen, and so hastening any oxidation reaction 
which takes place more slowly under other circumstances. 

With the very gradual formation of the peroxide, which has been 
assumed to take place in the organism, the catalase would of course 
prevent its accumulation, which would occur if the enzyme were not 
present, provided that the speed of formation of peroxide exceeded 


the speed of its spontaneous decomposition. But if the oxygen liber- 
ated from the peroxide by catalase were “active,” the enzyme could 
hardly be considered as affording protection to the organism, for, as 
just pointed out, the active oxygen would be in a condition to bring 
about deep-seated oxidations, and the final result would be the same, 


whether the oxygen were liberated from the peroxide as fast as the 
latter is formed, or whether the peroxide were allowed to accumulate 
and its oxygen to be set free more slowly by spontaneous decomposi- 
tion. If the speed of the spontaneous decomposition of the peroxide 
were greater than the speed of its formation, there would be no 
occasion for any catalytic agent. 


1 Loc. cit., p. 193. LIEBERMANN does not, in the papers cited, consider this 
application of his explanation of the reaction. Indeed, he apparently considers it 
questionable as to what enzyme the decomposition of hydrogen peroxide is due, 
and does not discuss the subject. 

2 That atomic, or at any rate “ active,” oxygen is always present in solutions 
of hydrogen peroxide is shown by the very quick and strong reaction with potas- 


sium iodide-starch mixtures, and by other means. 
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In other words, if the reaction of catalase on hydrogen peroxide 
took place so that atomic or active oxygen were liberated, there 
would be, according to our present knowledge, no reason for supposing 
that the organism is protected by catalase from the toxic action of the 
peroxide, for the function of the enzyme would be merely to accelerate 
the strongly oxidizing action of atomic oxygen. 


The function which Loew has assigned to catalase becomes clear, 


however, when we accept such explanation of the reaction as that 


suggested by Liebermann (see p. 302). According to thi 
oxygen liberated in the reaction is in a molecular condition. 
own experiments bear out this conclusion. Therefore, accepting 


hypothesis that either hydrogen peroxide or a similar peroxide is 
gen | 

formed in the organism, the enzyme catalase does protect the tissues 
by transforming the injurious, active oxygen of the peroxide into 
ys | 

harmless and useful molecular oxygen. 


' have quoted Loew as stating 


Recently Vandevelde and Leboug 
that the function of catalase is the decomposition of hydrogen pero: 
ide, with the liberation of atomic oxygen, which causes the strong 
oxidations which take place in the animal body. Vandevelde and 
Leboug agree strongly with this view. Liebermann’s experiments, as 
well as my own, together with the arguments stated above, seem 


sufficient evidence of the error of this idea. 


EXPERIMENTAL. 


The following experiments show, I think, that the enzyme catalase 
protects uric acid from oxidation by hydrogen peroxide, and so sup- 
port, if they do not prove, the point advanced in the preceding pages, 
that the reaction proceeds in such a manner as to allow only the liber 
ation of molecular oxygen. 


Experiment 1.— A fresh beef liver was ground in a meat-chopp 
of this liver hash, divided into four portions of 145 gm. each, 
for the experiment. Uric acid dissolved in lithium carbonate solution, 
the solution being then very nearly neutralized, was added to each portion 
of liver hash, the same amount of uric acid to each. ‘The four portion 
were kept in stoppered bottles for seven days in an incubator 


Portions C and D were sterilized by heat to kill the cat: 


1 VANDEVELDE and Lenova: Annales de la société de 


Ixxxii, p. 237; MALy’s Jahresbericht tiber die Forts 
1904, Xxxiii, p. 10So. 
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enzymes before being placed in the incubator. To B and D hydrogen 
peroxide was added slowly and with stirring, 30 c.c. each day (200 c.c. 
3 per cent solution to each during seven days). 

At the close of the digestion, the content of each bottle was made up 
to about goo gm., heated to boiling in a steam sterilizer for one hour, and, 
after cooling somewhat, was made up to exactly 1000 gm. and filtered. 

The uric acid and xanthin bases were determined in portions of the 
filtrate in this experiment and in those following, by a modification ' of 
the Ludwig-Salkowski method for uric acid, and by the Salkowski method * 
for xanthin bases. 

Uric acid and xanthin bases were precipitated together with the phos- 
phates by magnesia mixture and ammoniacal silver nitrate. After filtering 
and washing, the precipitate was decomposed with hydrogen sulphide in 
hydrochloric acid solution, boiled, filtered, and the clear filtrate evaporated 
on the water bath to about 30 cc. After standing over-night, the 
uric acid crystallized out was filtered, washed, dissolved in a little sodic 
hydrate solution, and titrated, after the addition of 15 c.c. concentrated 
sulphuric acid, with 7% potassic permanganate (1 C.c = 3.75 mgm. uric 
acid). When there is much xanthin base present, there is danger of 
it separating out on standing, thus contaminating the uric acid. When 
this occurs, it is readily detected by the appearance of the precipitate, 
which is scaly, or very finely divided, and amorphous, causing the mother 
liquid to be turbid or milky. In such cases the liquid was filtered and 
the precipitate dissolved in a little’ dilute sodic hydrate, and the volume 
made up to about 200 ¢.c. Then 20 ¢c.c. of 10 per cent sulphuric acid 
was added, and the liquid again evaporated on the water bath to about 40 
or 50 c.c. On standing, the uric acid separated fairly pure.* The xan- 
thin bases were precipitated in the combined filtrates and wash-water from 
the uric acid, by ammoniacal silver nitrate, the precipitate washed with 
ammonia water till the filtrate was free from silver, then dried and ignited 
n a porcelain crucible. After dissolving in nitric acid, the silver was 
titrated with #4, ammonic sulphocyanate (1 c.c. = 1.52 mgm. xanthin), 
the whole of the xanthin bases being calculated as xanthin. 

Phosphates were determined in the filtrates from the autolysis mixtures 
by precipitation with magnesia mixture, filtering after twenty-four hours, 
and titrating the precipitate, dissolved in acetic acid, with uranium 


acetate. 


1 FoLin and SHAFFER: Zeitschrift fiir physiologische Chemie, 1901, xxxii, 
552- 

? SALKOWSKI: Archiv fir die gesammte Physiologie, 1898, Ixix, p. 280. NeEv- 
BAUER and VOGEL: Analyse des Harns, 1898, 1oth edition, p. 829. 

HORBAZEWSKI : Zeitschrift fiir physiologische Chemie, 1894, xviii, p. 341. 
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The following results of Experiment 1 are calculated for the total 
1000 gm. of each portion, from averages of duplicate determinations : 


A. Liver hash + uric acid 


Liver hash + uric acid } 


B 
HO. added each day \ 


Liver hash + uric acid 
Sterilized before digestion \ 


D. Liver hash + uric acid 
Sterilized before digestion 
do added each day 


It will be noted that in B more free phosphates were found than in 
A, probably indicating the breaking down of a larger quantity of 
nucleoproteid, which also gives the xanthin bases and, by further 
oxidation, uric acid. Hence, if no destruction of uric acid or nuclein 
bases has been produced by the hydrogen peroxide, we should expect 
a larger amountin Bthan A. The 0.201 gm. of xanthin in A is equiva 
lent to 0.222 gm. uric acid; or A contained the total equivalence of 
0.222 + 0.423 = 0.645 gm. uric acid. There was probably some slight 
destruction of uric acid, but it is quite inconsiderable when compared 
with the destruction in D, in which the catalase had been killed before 
the hydrogen peroxide was added. Here no uric acid was found, 


Experiment 2.— In this experiment an emulsion of bacteria (Bacillus isolated 
from urine) was used to furnish the catalase. A twenty-four hour culture 
was made in six potato tubes of agar, and an emulsion made of the bac- 
teria in 150 c.c. water. The emulsion decomposed hydrogen peroxid 
vigorously, but gave not the slightest reaction with guaiac and hydro 
peroxide for peroxidase. 

A. 50 c.c. bacteria emulsion + 150 c.c. uric acid solution (neutralized 
immediately before adding to bacteria). 

A served as a control for Band C. After three days at 38° C. it was 
heated to boiling, diluted to 500 gm., and filtered ; the uric acid determi- 
nations ' gave 0.453 gm. and 0.435 gm. 


B. 50 c.c. bacteria emulsion + 150 c.c. uric acid solution (neutralized). 


Added 60 c.c. 3 per cent hydrogen peroxide solution each day for three 


1 In this experiment, there being no xanthin bases present, the uric acid was 


determined by precipitation with NH,2S0,, etc., as proposed by FOoLIN and 


SHAFFER: Zeitschrift fur physiologische Chemie, tgot, xxxii, p. 552. 
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days. Kept three days at 38° C. Made up to 500 gm., heated to boiling, 
filtered, and determined uric acid. Total = 0.448 gm. 

To a portion of this liquid, in which the catalase had been killed, there 
was added one-fifth of the same amount of 3 per cent hydrogen peroxide. 
After standing two days at 38° C., some hydrogen peroxide was still 
present in the liquid. Uric acid was determined both before and after 
heating on the water bath, and the results calculated for the whole of the 


original 500 gm. liquid. 


Before boiling, 0.103 gm. uric acid. 


After boiling, 0.098 gm. uric acid. 


Therefore there was no loss of uric acid when catalase was present, but 
when the catalase was killed the amount of uric acid destroyed was more 
than three-fourths of the whole, 0.340 gm. 

C. 150 c.c. neutralized uric acid solution + 100 c.c. water. Added 
60 c.c. 3 per cent hydrogen peroxide in three days, 20 c.c. each day. 
After three days at 38° C. uric acid was entirely destroyed. 

D. 150 c.c. neutralized uric acid solution + 25 c.c. of a clear liver 
extract (catalase). Added 60 c.c. 3 per cent hydrogen peroxide each day 
with stirring, for three days. Recovered 0.454 gm. uric acid. 

Experiment 3.— An extract was made from 3 kilos of hashed beef liver and 
4500 C.c. salt solution. Two portions of this extract, 1000 c.c. each, were 
allowed to autolyze for three days at 40° C., during which time a current 
of air was passed through both. Chloroform and toluol were added to 
prevent bacterial growth. On the third day 300 c.c. water was slowly 
added to one, and 300 c.c. 3 per cent hydrogen peroxide to the other. 
The dropping tubes extended well below the surface of the liquids, and 
the mixtures were well stirred by the air current. The catalase was 
strongly active. After the water and hydrogen peroxide had run in, the 
autolysis was stopped, the liquids were made very slightly alkaline, heated 
on the water bath, acidified, heated again, made up to 1700 gm. each, and 
filtered from the coagulated proteid. In the filtrates the uric acid and 
xanthin bases were determined in duplicate. The results follow : 


Total uric acid. Total xanthin, 


A. Liver extract + hydrogen peroxide 


B. Liver extract + water 


308 
mgm. 
15] 0 
135 QO 
| 9] 0 
| L 100 0 
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Experiment 4. — In order to learn whether catalase protects also xant 
oxidation, the following experiment was carried out. Xanthin was dis 
solved in dilute potassium hydrate solution, and nearly neutralized imme- 
diately before use. 120 c.c. of this solution contained 
xanthin. 

A. 120 c.c. slightly alkaline solution of xanthin + 30 c.c. liver extract 


(catalase) + 50 c.c. 3 per cent hydrogen peroxide added slowly with stir 


ring. After three days determined xanthin. Found total 72.3 mgm. and 
68.4 mgm. 

B. 120 c.c. slightly alkaline solution of xanthin + 30 c.c. water + 50 
c.c. 3 per cent hydrogen peroxide. After three days some hydrogen per- 


oxide still present. ‘Total xanthin found = 2.7 mgm. and 3.6 mgm. 


The foregoing experiments show very clearly that catalase does in 
some way protect the uric acid and xanthin (and probably also many 
other substances) from oxidation by hydrogen peroxide. It seemed 
quite possible, however, that this might be entirely caused by the 
hydrogen peroxide being quickly decomposed at the surface of th 
liquid or in one place, and so prevented from coming in contact with 
the uric acid in the greater part of the solution. In order to test this 
point as far as seemed possible, the following experiment was carried 
out: 


Experiment 5.— A. To 300 c.c. slightly alkaline solution of uric acid was 


added 1oo c.c. of a dilute clear liver extract, with some chloroform to 


prevent putrefaction. After three days at 38° C. the liquid was made 


slightly acid, heated on the water bath to coagulate the coagulable proteid, 
made up to 600 gm., and filtered. 

A serves as a control on the following. 

The uric acid determinations gave a total of 0.477 gm. 


B. 300 c.c. uric acid solution + 100 c.c. dilute liver extract (catalase 


100 C.c. 3 per cent hydrogen peroxide was added very slowly, drop by drop, 
from a dropping funnel which extended below the surface of the liquid. 
A turbine stirred the liquid vigorously while the peroxide was run in, so 
that the latter was decomposed slowly and uniformly throughout the whole 


liquid. After three days the liquid was made up to 600 gm., the albumen 
coagulated, and the uric acid determined in the filtrate as in A. 
Total uric acid = 0.276 gm., or a loss of o.201 gm. 
C. Same as B, except that hydrogen peroxide was added at once and 
the liquid was not stirred. 
Total uric acid = 0.272 gm., or a loss of 0.205 gm. 
D. 300 c.c uric acid solution + 100 c.c. water. No catalase. 100 C.c. 
hydrogen peroxide added at once. After three days, 


Total uric acid = 0.126 gm., or a loss of 0.351 gm. 
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In B and C of this experiment the concentration of the catalase was 
so low that the hydrogen peroxide became thoroughly mixed with the 
solutions before it was decomposed, and yet very much less uric acid 
was destroyed than in D, which contained no catalase. Moreover, in 
B and C all of the hydrogen peroxide added was decomposed during 
the three days, while in D much hydrogen peroxide was still present 
when the experiment was stopped. If the catalase had acted on the 
hydrogen peroxide in such a way as to set free the oxygen in an 
active condition, as it is in the spontaneous decomposition of hydrogen 
peroxide, more active oxygen would have been formed in B and C 
than in D, and we should have found a greater destruction in the two 
former than in the latter. That a considerable amount of uric acid 
was destroyed in B and C is to be explained, I think, by the slowness 
of the decomposition of the hydrogen peroxide by the catalase, and 
the consequent presence always in the liquid of hydrogen peroxide 
which was not taking part in the reaction with the enzyme and was 
free to attack the uric acid. If for any reason the catalase is wholly 
or very largely destroyed, the hydrogen peroxide readily oxidizes the 
uric acid. The continued addition of hydrogen peroxide, an acidity 
of the liquid above ¥/, (HCI), or even driving air through the solu- 
tion for a long time will greatly reduce or even destroy the activity 
of this enzyme. If hydrogen peroxide is added for a long time in 
large quantity, catalase is gradually destroyed, and only as this de- 
struction proceeds is the oxygen of the peroxide available to the uric 
acid. The following experiments indicate this: 


Experiment 6.— An autolysis of extracts of beef liver was continued for seven 
days at 38° C. 

A. 500 c.c. liver extract. 500 c.c. water added in 25 c.c. portions in 
seven days. After coagulating and filtering, uric acid was determined in 
the filtrate. 

Total uric acid = 0.251 gm. 


B. 500 c.c. liver extract. Added 500 c.c. 3 per cent hydrogen per- 
oxide in 25 c.c. portions during seven days. At the close of the autolysis 
the catalase was almost entirely gone. No uric acid was found. 

Experiment 7.— A. 500 ¢c.c. liver extract. Added 500 c.c. water, drop by 
drop, during seven days. An air current was run through the liquid 
from 9 A.M. to 6 P.M. each day for seven days. 

In the filtrate from the coagulated albumen there was found a total of 
0.304 gm. uric acid. 
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B. Duplicate of above, except that 500 c.c. hydrogen peroxide was 


added instead of water. The dropping tube extended nearly to the bottom 


of the flask, and the liquid was well stirred with the air current. t clos 


of autolysis, catalase had been entirely destroyed. 


Total uric acid found 0.030 gm. 


Experiment 8.— Two portions of beef liver hash, 150 gm. each, mixed with 


1500 C.c. salt solution, were autolyzed for two weeks at 38° C. During 


the day a current of air was passed through the liquids, as in the preceding 


experiment. Chloroform and toluol were added daily. 


A. Control. 2000 c.c. water was added slowly and constantly during 


two weeks. At the close of the autolysis the liquid was boiled, made up 


to a definite volume, and filtered from the coagulum. In the filtrate there 


was found 


Total uric acid = 0.455 gm. 


Total xanthin 


B. 2000 c.c. 3 per cent hydrogen peroxide was added constantly dur 
ing two weeks. After ten days the catalase had entirely disappeared, and 
at the close of the autolysis some hydrogen peroxide was present in the 


liquid. In the filtrate was found 


Total uric acid 


Total xanthin 0.360 gm. 


The bearing of these experiments on the questions 


whether catalase should be considered an oxidizing enzyme and 


regarding the physiological function of catalase, has been discussed 


earlier in’ this paper. It remains to summarize very briefly the 


general conclusions. 


Experiments are described which, it is believed, confirm the idea, 


advanced by Liebermann, that in the action of extracts of plant ar 


animal tissues on hydrogen peroxide, in which the peroxide is de 


posed with the evolution of oxygen gas, the oxygen liberated is only 


in a molecu/ar condition, as distinguished from the active or atomi 


oxygen which is liberated in the spontaneous decomposition of hydro 
gen peroxide. This explanation of the reaction produced by catalase 
appears to have a bearing on the properties and function ot the 
enzyme. The conclusions are reached that catalase is not an oxidiz 
ing enzyme; and, provided we accept the assumption of the forma 


tion of hydrogen peroxide or a similar peroxide in the organism, tha 


} 
‘ 


the physiological function of catalase is to destroy the peroxide in 


such a manner that the oxygen is not liberated in an active condition, 


0.289 gm. 
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and thus to protect the tissues from the injurious oxidation which the 
peroxide would otherwise effect. 

Since writing the above, a paper has appeared from Leo and Paul 
Liebermann,' showing that catalase is not necessary for the guaiac re- 
action. Loew came to the same conclusion in his original paper on 
catalase (/oc. cit.)._ Additional proof of the correctness of this idea 
is the fact that, if extracts of animal tissues containing both catalase 
and peroxidase — extract of liver, for instance — be acidified slightly 
(to #i,), and hydrogen peroxide then added, no evolution of oxygen 
takes place, although on the addition of guaiac solution the blue color 
immediately appears. The fact that catalase is not necessary for this 
reaction, which seems to be brought about by some form of active 
oxygen, might perhaps be accepted as an indirect argument in favor 
of the point forming the basis of this paper, — that very probably only 
inactive, molecular oxygen, and not active oxygen, is liberated during 


the reaction of catalase on hydrogen peroxide. 


In connection with the discussions of this paper, the reader is re- 
ferred to the work of Kastle and Loevenhart,? which unfortunately I 
did not see until my paper had been for some time in the hands of 
the printer. Kastle and Loevenhart concluded that in the catalysis 
of hydrogen peroxide by either catalase or finely divided platinum, 
the oxygen liberated is in a molecular condition. A fundamental 
distinction exists, however, between the action of the enzyme catalase 
and that of colloidal platinum, as has been pointed out above (see 
page 302). 


1 LIEBERMANN, L. and P.: Archiv fiir die gesammte Physiologie, 1905, cviii, 


p- 499. 
2 KASTLE and LOEVENHART: American chemical journal, 1903, xxix, p. 397. 


EXPERIMENTAL STUDIES ON THE PHYSIOLOGY OF 
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THE INORGANIC CONSTITUENTS OF THE LIVER OF 


N the preceding paper we touched upon the liver of Sycotypus 
purely as a digestive gland, and without reference to its other 
functions. In this communication the liver will be considered more 
in detail and with especial reference to its minute structure, its stored 
metallic elements, its relation to the blood, and its characteristic 
chemical composition. 


TABLE I. 


grams 


121 


The liver of Sycotypus canaliculatus, as that of 
arranged gasteropods, is the large glandular organ occupying 
summit whorls of the shell. Its size and mass indicate the importance 
of the organ in the economy of the anima’. In a number of average 


specimens the liver was found to comprise approximately one-tenth 


of the total body weight, including the shell. A series of typical 


observations are recorded in Table I. 


1 The first paper was publis| 


re 1 » 
|} \ 1) 
We 
rw tto 
total weight 
a grams per cent 
11.2 93 
11.2 ) 
152 17.5 11.6 
193 20.4 106 
21.5 10.8 
} 
12 
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The liver is always a highly pigmented organ, varying in different 
animals from a yellow brown to a dark green or blackish hue. The 
color depends upon two factors: the yellow liver secretion present in 
the cells and tubules, and the pigment cells of the inter-tubular con- 
nective tissue. The latter are very characteristic of this particular 
mollusc in respect to their chemical composition; as will be shown 
later, they are connected closely with the animal’s capacity for storing 
metallic elements, and are thus intimately related to the metals pres- 
ent in the respiratory proteids of the blood. 

It was pointed out in the first paper that the three large diverticula 
entering the liver from the stomach act as cceca in which the major 
part of the fats and carbohydrates is digested, and also as hepatic 
ducts through which the brown liver secretion is emptied into the 
stomach after digestion is completed, or nearly so. It seems most 
probable that this brown pigmented secretion is derived from the 
transformation of the blood proteid, in a way analogous to the forma- 
tion of bile by the vertebrate hepatic cell from its antecedent hamo- 
globin. The absence of bilirubin and biliverdin is to be expected, 
since the blood of Sycotypus contains no detectable amounts of 
haemoglobin. 

The presence or lack of bile pigments and bile salts was for many 
years a mooted question in the physiology of invertebrates, though 
recently the refinement of methods has made it possible to disprove 
entirely their occurrence among the molluscs at least. Earlier in- 
vestigators claimed to find in the hepatic secretions of molluscs 
compounds which give Gmelin’s reaction; but Krukenberg! re- 
investigated this point, and failed to obtain a trace of bile pigments 
or bile salts in any of the animals examined. In the liver of Syco- 
typus no reactions have been obtained for either of these character- 
istic products of the vertebrate liver. 

One of the most interesting functions of the molluscan liver, as 
typified by that of Sycotypus, is its power of retaining and storing up 
those elements which are necessary for the building and repair of the 
shell, and those which are characteristic of the circulating respiratory 
proteids. In his classic paper upon the molluscan liver Barfurth ? 
pointed out the large calcium and magnesium content of the livers 


of various gasteropods, stored there evidently for the repair of the 


1 KRUKENBERG: Untersuchungen des physiologischen Instituts, Heidelberg, 


ii, 


/ < 


2 BARFURTH: Archiv flr mikroskopische Anatomie, 1882, xxii, p. 473. 
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shell, the secretion of the epiphragma, etc. The content of these 
elements is found to vary also with the season —a larger percentag 
is normally present in the liver before the secretion of the epiphragma 
than afterwards. Among others, Dhéré! showed the connection 
between the copper in the blood of those invertebrates having hzemo- 
cyanin, and the copper normally found in the livers of the same. 

In the liver of Sycotypus calcium and magnesium are abundant; 
they are probably common to the livers of all shell-building moll 
and need not be discussed here. The two elements copper an 
are, however, somewhat unique. Copper is found in all hamocyanins 
as the characteristic metallic element, and is found stored in the liveis 
of hemocyanin-bearing animals. Zinc, on the other hand, — undoubt- 
edly in a somewhat similar proteid combination, —- is an element 
characteristic of this animal alone, as far as we have observed, and 
may even prove to be a somewhat local phenomenon peculiar to those 
specimens growing about Long Island Sound. 

Zinc was first definitely identified and estimated in the ash of Syco- 
typus in 1903.2. The results of analysis made at that time and several 
subsequent periods to discover whether its presence is a normal and 
constant phenomenon or not, are presented in the next table. They 
serve to show the fairly uniform amounts present in lots collected 
from widely separated portions of Long Island Sound at varying 
intervals of time. As is evident from the data, the three elements, 
iron, copper, and zinc, have never been missed in qualitative examina- 
tions extending over nearly two years, while the quantitative estima 
tions show a nearly uniform amount of copper and zinc present. The 
assumption therefore that zinc as well as copper is a constant and 
normal constituent of the liver tissue of Sycotypus seems warranted 

Other tissues of Sycotypus were also ashed and analyzed; but with 
the exception of the blood, no other tissue was found to contain zinc. 
Various other marine animals, including some of the most common 
molluscs and crustacea of the coast were examined for zinc. With 
the exception of the common “ drill,’ Urosalpinx cinerea, no appre 
ciable amounts of the element could be found 

Before proceeding to discuss in detail this unique occurrence of 
zinc in the liver and blood of Sycotypus, it may be well to describe 
the anatomy and histology of this organ somewhat more fully 
was attempted in the earlier paper. We have evidently in the | 

1 DHERE: Comptes rendus de la société de | 


2 BRADLEY: Science, 1903, xix, p. 196. 
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a type of gland representing relatively slight specialization; a gland 
performing the functions which in higher types are carried out by 
several highly differentiated organs. Its histology is therefore of 
interest in that it represents the structure of an organ highly devel- 
oped and of primary importance to the animal, but not specialized in 


function. 
TABLE II. 


THE PRESENCE OF IRON, COPPER, AND ZINC IN THE LIVER ASH. 


Date. Iron. Copper. Zinc. 


per cent per cent per cent 


8.17 
September, 1903 . . . 8.47 
November, 1903 . . . 7.83 
November, 1903 . . . 0.84 present 
November, 1903. . . 

May, 1904 . . . « + present 

June, 1904 i 

September, 1904 . . . present 
October, 1904 


November, 1904 


May, 1905 


The structure of the liver of Helix as studied by Barfurth! is in a 


general way characteristic of other gasteropods also. The gland is of 


the compound tubular type, the tubules discharging finally into the 
three diverticula or hepatic ducts. In the secreting tubules Barfurth 
distinguished three types of cells, assigning to each a definite function. 
Thus there are liver cells, filled with globules of secretion, brown in 
color and corresponding to the bile of vertebrates; ferment cells, 
filled with the digestive enzymes; and calcareous cells, of different 
size and shape, in which are to be found glistening particles of calcium 
phosphate, soluble in acids. It may be doubted, however, whether 
the chemical and other evidence proving the identity of these cells is 


very exact or conclusive. Although somewhat similar variations are 


1 BARFURTH: Archiv fiir microskopische Anatomie, 1882, xxii, p. 473. 


= 
8.69 
15.27 
18.79 
1511 
14.94 
15.4] 
14.22 
present 


Experimental Studies on Physiology of the Molluscs. 317 


found in the cells of Sycotypus, we have no evidence to show which 
f 


cells are hepatic, which contain ferments, and which are merely 
storage cells for reserve material. Indeed the evidence concerning 
the latter function at least, tends to show that the cells of the secret- 
ing tubules are not themselves greatly differentiated, and that probably 
a single cell may perform all three functions mentioned. Two distinct 
types of cells appear in the sections: the long cylindrical epithelial 
cells of the tubules, filled with 
the secretory granules, and the 
broad, light staining cells, corre- 
sponding to the calcareous cells 
of Barfurth’s figures. The num- 
ber of these is very much smaller 
than of the former. 
A delicate basement mem- 
brane and a network of intersti- 
tial connective tissue separate 
the tubules. This network 
forms a vascular space for the 
gradual movement of the blood 
stream throughout the organ; near the pyloric end 
for although the hepatic vessels Between the live 


sheath of vascular 


are found within the liver mass, 


od vessels v.), and I 


they occur so rarely that the 

chief supply of blood must the liver, the secreting tubules (se 

these meshes of the vascular es 
connective tissue. On the other ‘igure 8 in our first paper. 

hand, in the connective tissue 

about the stomach and intestine where absorption is going on, and 
in the capsule-like membrane surrounding the liver as a whole, blood 
vessels and their accompanying nerves are abundant. 

Most characteristic of the liver of this gasteropod are the dark green 
pigment cells lying in the connective tissue between the tubules, 
especially prominent in the sheath about the stomach and surround- 
ing the blood vessels. The diagram shows these cells and the general 
structure of the liver as seen in typical sections 

The ash. — In examining the liver of Sycotypus chemically, one is 
impressed by the readiness with which the dry tissue is reduced to a 


carbon-free ash, and the large amount of the latter. So easily is the 
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oxidation performed, that a section may be ashed on its slide with no 
appreciable curling of the tissue or displacement; so that the result- 
ing ash represents very accurately the general distribution and com- 
parative amounts of the inorganic salts. In preparing these ashed 
sections, thin glass slides were used, the microtome section mounted 
in the usual way, the paraffin removed by xylol, and the xylol by 
alcohol. By drying and gradually heating, such a section can be oxi- 
dized perfectly zz situ, until finally by igniting to a red heat a carbon- 
free ash is left which adheres by incipient fusion to the glass and may 
then be used for microchemical tests or made permanent by covering 
with balsam. The ash was found to retain the form of the original 
tissues so perfectly that not infrequently the individual cells were out- 
lined. The amount of ash in the intestinal mucosa is insignificant, 
while that of the liver cells proper and the interstitial connective 
tissue is large. By appropriate microchemical reactions it was possible 
to show that practically no copper is present in the ash of the intes- 
tinal mucosa, while the liver tissue itself is rich in both copper and 
zinc. The most satisfactory microchemical test for zinc in such cases 
was found to be its reaction with a soluble nitroprusside. If the sec- 
tion under cover glass was flowed with a drop of an acid solution of 
sodium nitroprusside and warmed, zinc nitroprusside formed and upon 
cooling was deposited in characteristic crystal form. These crystals, 
quite insoluble, can readily be distinguished, when examined under 
high power, from the amorphous particles of the copper nitroprusside 
which forms at the same time. 

The important result of these microchemical reactions with the ash 
is to show the presence of sufficient copper and zinc to give definite 
tests in a microtome section. The possibility of devising tissue stains 
by which the copper and zinc may be recognized in the tissue itself is 
at once suggested. 

Tissue stain for copper. — Several reactions for copper were found 
by which its presence in combination and its distribution in the 


tissues could be definitely shown. Of these the reactions with 


ammonium sulphide, potassium ferrocyanide, and dilute hzematoxy- 
lin are permanent and quite delicate, while the well-known color 
reaction produced by a solution of hydrobromic acid in which 
there is a trace of free bromine is brilliant and very delicate, but 
transient. The color compound fades and rapidly diffuses through- 
out the tissue, so that the reaction must be observed and noted 
as it goeson. The first three reactions named were employed by 
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Herdman and Boyce! in their study of the distribution o 
in the oyster. 

For all the reactions the tissue sections were prepared in the usual 
way by dissolving out the paraffin in xylol, washing with decreasing 
strengths of alcohol, and finally with water. In the first two reactions, 
namely, that produced by ammonium sulphide and ferrocyanide, a 
drop of the reagent flowed over the section almost instantaneously 
develops color. The excess of the reagent may then be washed oft 
and the section dehydrated, cleared, and mounted in the usual way 
With hematoxylin, a dilute aqueous solution of the pure salt is used 
— about 0.025 per cent — and the slide immersed in the solution for 
from five to fifteen minutes. Where copper is present even in very 
minute amounts a dark blue or slate color results. The haematoxylin 
slide may also be washed and made permanent, as above. 

Finally, the reaction with the hydrobromic acid solution can best 
be produced by introducing a drop of the solution under the cover 
glass and observing the development of the stain as it takes place. 
The presence of copper is shown by the sudden intense violet color of 
the reaction. This at once begins to fade and to diffuse throughout 
the tissue, while the destructive effect of the acid soon obliterates any 
definite localization of the metal. 

The results obtained by these various color reactions are identical. 
(1) The intestinal mucosa and its immediate sheath of muscle fibres 
and connective tissue are entirely free from copper, or stain very 
slightly in the meshes of the connective tissue where blood was prob- 
ably present. (2) The entire liver tissue proper, including the 
secreting cells, granules, and granular secretion present in the lumina 
of the tubules, shows a medium stain for copper. The metal is evi- 
dently distributed throughout the cells in small amounts with consid- 
erable uniformity. It is plain from this that we have no distinct cells 
among the secreting epithelium whose function it is to store up copper, 
in a manner analogous to the calcareous cells of Barfurth. (3) The 
interstitial connective tissue, with the exception of the pigment cells, 
stains uniformly and to about the same depth of color as the secreting 
epithelium. (4) The pigment cells of the connective tissue stain 
very deeply, showing that they contain a comparatively large amount 
of copper. These pigment cells serve undoubtedly as depots for the 
storing up of this metal, and their dark green color is perhaps due to 
the metallic compounds contained in them. 


1 HERDMAN and Boyce: Report of the Thompson-Yates Laboratories, Liver 
pool, 1899, ii. 
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It seems significant of the close relation which must exist between 
these pigment cells and the copper of the blood, that wherever blood 
vessels or blood sinuses are found in the liver tissue, these pigment 
cells are most abundant; and that where there seems to be no free 
passage of blood possible, few of the pigment cells are located. Thus 
in the very open network of connective tissue lying between the 
stomach and the liver proper, and in the extension of this tissue into 
the interior of the organ, the blood flow is fairly rapid and pigment 
cells are more abundant than anywhere else in the liver. 

It is quite probable that the liver performs the double function of 
hemolysis and hemopoiesis, and that the pigment cells serve to store 
up a supply of copper for the latter process just as the vertebrate liver 
retains iron. The presence of copper generally in the liver may indi- 
cate a similar reserve supply, or it may be a provision for cellular 
respiration in an organ where rapid blood supply seems impossible 
from its structure. 

Tissue stain for zinc. — The histological localization of zinc was 
found to present a much more difficult problem than that of the cop- 
per. Zinc forms few colored salts, and those which it does form are 
neither very characteristic nor insoluble. For example, the precipita- 
tion of chromate of zinc in the tissue was tried without success, inas- 
much as the amount of washing required to remove the yellow stain 
of the reagent was sufficient to remove any zinc chromate that may 
have been formed in the tissues. The nearest approach to a satisfac- 
tory solution of the problem was found to be the reaction with nitro- 
prusside mentioned before. Zinc nitroprusside was formed in the 
tissues, the excess of the reagent removed by washing, and then the 
well-known reaction of an alkaline sulphide with a nitroprusside used 
to develop a stain wherever insoluble zinc nitroprusside was present. 

The method of procedure was as follows: a section, washed in 
the way outlined above for copper reactions, was digested with a 10 
per cent nitroprusside solution at 50° C for about fifteen minutes. 
After cooling and standing some time, the section was washed in cold 
running water for fifteen minutes, — a period shown by experience with 
sections of other tissues free from zinc to be sufficient to remove all 
traces of the soluble sodium nitroprusside. At the same time washing 
for this length of time was not sufficient to remove the less soluble 
zinc salt from the tissues, if any had formed. The sections were there- 
fore covered and a drop of potassium sulphide solution introduced 
beneath the glass and allowed to diffuse slowly. The instantaneous 
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development of the intense purple color characteristic of the reaction 
between a nitroprusside and an alkaline sulphide showed the presence 
of the former salt in the tissues, The suggestion at once arises that 
at least a part of this reaction is due to insoluble zinc nitroprusside 
It may also be due in part to copper. That it is not entirely due to 
copper is plain by a comparison of two sections. If copper alone were 
responsible for the color, we should expect to find a uniform stain of 
only medium depth over the secreting tubules and connective tissue, 
with an intense staining of the pigment cells. As a matter of fact the 
pigment cells stain lightly or not at all —- probably because the copper 
is in combination of too stable a character to be decomposed by the 
reagent. The connective tissue stains with medium depth, and the 
secreting epithelial cells are colored deeply. Evidently the intensity 
of the stain in the tubules cannot be accounted for on the hypothesis 
that it is produced by copper, since there we have the minimal amount 
of that metal. Further, the connective tissue about the tubules should 
stain equally brilliantly if the reaction were due to copper. Zinc is 
therefore presumably present in the epithelial cells of the tubules in 
abundance, and in somewhat smaller amount in the surrounding con- 


nective tissue; it is absent, or nearly so, from the pigment cells. 


At the same time, with the reaction so fleeting, the color compound 
quickly diffuses and the reaction becomes masked, so that this test 
alone could hardly be taken as conclusive proof that zinc is definitely 
localized in the secreting elements of the gland. It is possible to 
check and confirm this suggestion by another method. Since the two 
metals, copper and zinc, are located for the most part in different 
tissues, it should be possible to effect a separation of the connective 
tissue with its pigment cells rich in copper from the epithelial cells 
having high content of zinc. 

Distribution of the metallic elements in the tissues. — It was found 
to be quite possible to make this separation by mechanical means. If 
the fresh livers are ground up in a mortar and extracted several times, 
the connective tissue remains in stringy masses, while the cell pro- 
teids of the epithelium are in suspension or solution. The separation 
can then be made by straining through cloth. Such a separation at 
best cannot be complete; for portions of the cells will remain with 
the connective tissue, and small fragments of connective tissue and 
pigment cells will strain through and contaminate the cellular extract. 
However, the results are sufficiently striking to confirm the evidence 
of the preceding staining methods and show how largely the two 
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metals are retained in different tissues. The two fractions of the liver 
were dried and ashed, and analyses of the ash were made for copper 
and zinc as before. The two ash samples themselves show most strik- 
ing differences; the ash from the cells is lightly colored or nearly 
white, while that from the connective tissue is black and heavy, sug- 
gesting large amounts of copper oxide. The results are summarized 
in the following tables: 
TABLE III. 


DISTRIBUTION OF ASH IN LIVER TISSUE. 


Weight | Proportion Percentage Proportion 
Part of tissue used. of dry of whole Ash. of ash in of total 
tissue. tissue. tissue. ash. 


grams per cent per cent per cent 
Connective .. . 16 27.1 13.7 28.7 


Glandular. .. . [ 729 


Total . 


From the table it is seen that the percentage of ash in each tissue 
is about the same — 13.7 and 12.6 per cent respectively —- but the 
amount of gland material is much greater than that of the connective 
tissue, so that two-thirds of the entire liver mass is glandular and 
correspondingly two-thirds of the ash of the liver is derived from 
it. In other words, the gland cells contain about two-thirds of the 


TABLE Iv. 


ANALYSES OF LIVER ASH. 


Aver- 7: . Aver- 
Zine. Zinc 
age. age. 


Tissue. Ash. Copper. | Copper. 

grams grams percent percent grams percent percent 

(2. 1.0117 | 0.2674 26 43) \o 1004 ZnO 7 90) 
26.5 


fb. 1.1853 | 0.3149 | 26.569 10.1342 9,09) 


Connective 8.49 


a. 1.1544 0.0376 
Glandular ( 
(b. 1.7048 | 0.0507 10.2693ZnS 15.655 
(a. 0.8208 | 0.1724 (0.0921 “ 


Connective . 


lb. 0.8343 | 0.1760 “ 


a. 1.0174 0.0372 3.65 
Glandular \ ( 


/v. 06160 | 0.0187 | 3.049 


ee 5.45 12.6 71.3 
59 | 100.0 7.65 100.0 
‘ 
8.51 
9.495 
(0.2531 16.69) 
3.34 16.97 
(o.1ss¢ “ | 17.26$ 
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inorganic salts stored in the liver, while the connective tissue cont 
about a third. 

Copper was estimated electrolytically in each case; in one sample 
by the rotating cathode method of Gooch and Medway. Iron was 
determined by permanganate titration in the usual way; while zinc 


was separated as the sulphide from a formic acid solution of sufficient 


TABLE V 


SUMMARY OF 


ry liver 
ot 


of entire 


liver. 
on 


part. 
er of liver in 


pper in ash 
ibution 
copper in 100 gm. 
dry liver 
portion of total 
h traction 


each tissue 


Ash content of each 
Distr 

co} 

Zinc in ash. 
stribut 


Tissue used. 
Proportion 


Proport 


Pre 
I 


gm. 
0.953 
Connective 
07581 


0.286 
Glandular 
0.303 


The entire liver contains 12.9 per cent : 


strength to prevent precipitation of iron, and weighed either as the 
sulphide or, after solution and reprecipitation with sodium carbonate, 
as the oxide.! Tables IV and V summarize the results of the 
analyses of the two tissues. 

By averaging the amounts of copper and zinc found in the fractions, 
we have calculated the quantities present in the entire livers from 
which they were taken, and compared these data with an analysis of 
whole livers collected at about the same time as a check. This com- 
parison is tabulated in Table VI. 

Finally, to complete our data the nitrogen of the two fractions has 
been determined and the ratio to copper and zinc obtained. ‘The re- 
sults are tabulated in Table VII. 

In summarizing the results of these analyses the evidence obtained 
by the staining processes have been confirmed by the analytical data, 


The liver is found to contain considerable amounts of copper and zinc, 


1 Cf. HAMPE: Chemiker Zeitung, 1885, ix, p 


249 
5 
77.5 363) 7.09 0.263 1546 0.97 
72.1 28S 8.51 0.386 5 
27.9 | 0.41 16.97 | 1.559 83.15 | 2.14 
543- 
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both undoubtedly in some proteid combination analogous perhaps to 
the iron combinations found in the vertebrate liver. Both metals are 
present throughout the organ in small amounts, but the bulk of each 
is quite definitely localized in particular structures. Thus while about 


TABLE VI. 


A COMPARISON OF THE ANALYSES OF THE ENTIRE LIVER WITH THE 
SUM OF THE FRACTIONS. 


Copper. 


In ash. | In tissue. In ash. In tissue. 


per cent per cent | per cent per cent per cent 


Entire liver . . . | 13.0 9.4 ].22 12.4 1.61 


Sum of fractions . | 12.9 9.1 1.18 139 | 1.79 


one-third of the total copper is found in the gland cells, and two- 
thirds in the connective tissue the relative concentrations of each in 
individual connective tissue cells are much greater than this propor- 
tion, for the reason that nearly two-thirds of the liver mass is com- 
posed of gland cells. That is, since the content of ash in both tissues 


TABLE VII. 


NITROGEN RATIOS. 


Copper Zinc 


Part of liver. | Nitrogen. oe 
(average). (average). 


per cent per cent per cent 


Connective tissue . . | 10.19 32 1.0 


Glandular tissue . . 11.37 | 0.4 | 2.0 


is practically the same — about 13 per cent —the relative concentra- 
tions in a given mass of liver bear approximately the same relation to 
each other as the content of the metal in the ash. In other words, in 
the same weights of the tissues the ratio of the amounts of copper is 
about 25 to 3. A single pigment cell carries eight times the amount 
of copper contained in a gland cell of the same mass. 

In the case of zinc the same holds true; but the concentrations 
approximate each other much more nearly. Thus, while the gland 
cells as a whole carry about five times the amount of zinc found in 


31 1:95 
1: 28.1 1:5. 
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the connective tissue, a single gland cell contains only about twice the 
zinc held by a similar connective tissue mass. 

Metallic compounds of proteids. — Some notion of the actual amount 
of copper and zinc present in the liver tissues may be had by compar- 
ing the analyses above with the amounts of metallic elements which 
combine with and precipitate proteids. In the work of Chittenden 
and Whitehouse! various purified proteids were precipitated by salts 
of the heavy metals, and the washed precipitates dried and analyzed. 
The precipitates produced by adding a copper salt to albumin under 
different conditions show three types of compounds containing 1.29, 
0.96, and 0.77 per cent of copper respectively. The amount of copper 
present in the gland cells — about 0.4 per cent — is thus seen to be 
much less than that in the three insoluble copper combinations 
quoted above; but the amount present in the pigment cells, on the 
other hand, — about 3.0 per cent, — is much greater than in the rich- 
est metallic proteid compound obtainable by precipitation with copper 
salts. 

In the case of the zinc compounds, the connective tissue contains 
an amount of that element corresponding very closely to that of the 
precipitated albumin of Chittenden and Whitehouse, namely, 0.99 per 
cent. The glandular tissue, however, contains twice the amount 
present in the richest zinc-albumin precipitate. 

It is evident from these figures that we are dealing with compounds 
in the liver having different properties from those of familiar proteids. 
Possibly the nucleoproteids of this gland are rich in zinc and copper, 
and we have some tentative evidence to confirm this view. Until 
further data have been obtained, however, the discussion of this point 
will not be attempted. 

Origin and significance of copper and zinc. — As to the origin and 
significance of these two elements in the tissues, much remains un- 
certain. Copper is undoubtedly obtained from the food of Sycotypus. 
The oyster, clam, and many other molluscs and crustacea which con- 
stitute the food of this animal contain copper in quite comparable 
amounts. The work of Henze? upon the haemocyanins may be men- 
tioned here as the authority for this statement; and his findings have 
in several instances been verified and extended in this laboratory. 


1 CHITTENDEN and WHITEHOUSE: Studies from the Laboratory of Physio 
logical Chemistry, Yale University, 1885-1886, ii, p. 95 

2? HENZE: Zeitschrift fiir physiologische Chemie, tgot, xxxiii, p. 370; 1904, 
xliii, p. 2go. 
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But in the case of zinc the explanation is much less patent. In our 
examination of various common marine animals — Urosalpinx cine- 
rea, Mytilus edulis, Modiola plicatula, Argina pexata, Eupagurus polli- 
caris, Ostrea virginiana, and Cancer irroratus — no appreciable 
amounts of zinc could be detected, with the exception of Urosalpinx, 
in which traces of the metal seemed to be present usually. At the 
same time the limited amounts of material, and the uncertainty of the 
qualitative methods, where minute traces of zinc are present with 
copper, iron, calcium, magnesium, and phosphoric acid, would not 
exclude the possibility that minute amounts of the element are pres- 
ent in the tissues of the common food material of Sycotypus. In- 
deed since sea water itself has been shown by Dieulafait ' to contain 
about 0.002 gram of zinc per cubic metre, it is highly probable that 
all marine animals may contain the element in their tissues. In any 
case Sycotypus must exercise a selective power such that the zinc of 
the food is retained and stored in the liver until it reaches a maximum 
in the adult animal represented by the preceding analyses. The 
zinc must eventually come from the sea water itself; but it is more 
in accord with other examples of the storing up of unusual elements 
by animals, to suppose that the element is first picked out and retained 
by some simple organism or plant, and thence reaches Sycotypus in 
its food through a series of more complex and larger forms. Such 
a selective activity is seen, for example, in the storing of iodine in the 
tissues of certain seaweeds, and also in the gorgonian corals; in the 
latter case the iodine is in all probability obtained from food, while 
in the former it is picked up directly from the sea water. 

Finally, the real significance of the zinc and copper in the liver of 
Sycotypus is probably to be looked for in the constant occurrence of 
these elements combined in the blood. Zinc is perhaps an essential 
element of the respiratory proteid of this mollusc and the allied Fulgur 
carica. Such occurrence and function is not at all surprising in view 
of the well-known diversity exhibited by various molluscs in this par- 
ticular. It is merely an extension of the number of elements already 
known to be utilized by the molluscs in the performance of their res- 
piratory exchange. The presence of zinc in the liver is thus of sec- 
ondary importance ; for that organ acts regularly as the storehouse 
for reserve elements required in the processes of hamopoiesis and 
respiration, 


1 DIEULAFAIT: Comptes rendus, 1880, xc, p. 1573. 
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SUMMARY. 


The following inorganic constituents can be recognized as normal 
and constant constituents of the liver of Sycotypus: copper, zinc, 
iron, calcium, magnesium, and phosphorus, The presence of the first 
two is of especial interest. 

Copper comprises about 8 per cent of the total ash, or 1.2 per cent 
of the dry tissue. Zinc comprises about 15 per cent of the ash or 
1.7 per cent of the dry tissue. Both metals can be identified in their 
combination in the tissues by appropriate color reactions. Copper is 
found uniformly distributed in small quantities — about 0.4 per cent 

- in the gland cells and connective tissue, but is present in especially 
high percentages in the greenish pigment cells — averaging about 
3 per cent of the dry tissue. Zinc is found especially in the gland 
cells, to the amount of about 2 per cent; ina connective tissue to the 
extent of 1 per cent. 

The liver compounds are richer in these metals in certain cases 
than the insoluble proteid combinations formed by the precipitation 
of albumin with metallic salts. 

The copper and zine are probably obtained from the food of Syco- 
typus, and retained in the liver as reserve material for the processes 
of hzemopoiesis. Both copper and zinc are present in combination 
in the blood, forming a respiratory proteid peculiar to this animal. 
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THE EFFECTS OF INTRAVENOUS INJECTIONS OF BONE 
MARROW EXTRACTS UPON BLOOD PRESSURE. 


By ORVILLE HARRY BROWN anp CHARLES CLAUDE GUTHRIE.” 


[from the Hull Physiological Laboratory, University of Chicago.] 


NTRAVENOUS injections of animal tissue extracts, so far as we 
know, invariably alter the blood pressure. The most striking ex- 
ample is an extract of the suprarenal capsule. It was shown by Oliver 
and Schafer,’ in 1894, that a very small quantity of an aqueous 
extract of the medullary substance of this gland, when injected in- 
travenously into an animal produced a great rise of arterial pressure. 
This problem has been worked upon by many other investigators; a 
partial list of the more prominent ones has been given in the bibli- 
ography.2 It seems to be firmly established that the extract of the 
gland, or its active principle, adrenalin chloride (Takamini), or 
epinephrin (Abel), produces a marked increase in the arterial pres- 
sure, mainly by contracting the arterioles. This occurs whether the 
vagi are intact or divided, but is more marked in the latter case. 
The effects of extracts of the pituitary body, while perhaps less 
striking than those of the suprarenal capsule, are not less interesting. 
Important work upon this subject has been done by Oliver and 
Schafer,’ Schafer and Vincent,* Syzmonowicz,’ and Howell. Extracts 
of the hypophyseal portion of the gland do not affect blood pressure. 


1 OLIVER and SCHAFER: Journal of physiology, 1894, xvi, p. I. 

2 E. v. Cyon: Archiv fir die gesammte Physiologie, 1896, Ixiv, p. 97: 
CyBULSKI: Wiener medicinishe Wochenschrift, 1896, xlvi, p. 255; SYZMONOWICZ; 
Zentralblatt fiir Physiologie, 1899, xii, p. 599; BoruTTaAu: Archiv fiir die ge- 
sammte Physiologie, 1899, Ixxviii, p. 97; SALVIOLI and PEzzoLini: Archives 
italiennes de biologie, 1902, xxxvii, p. 380; S. J. and CLARA MEL?zeEr: This 
journal, 1903, ix, p. 147. 

8 OLIVER and SCHAFER: Journal of physiology, 1895, xviii, p. 276. 

* SCHAFER and VINCENT: Journal of physiology, 1899, xxv, p. 87. 

§ Syzmonowicz: Archiv fiir die gesammte Physiologie, 1896, Ixiv, p. 97. 

® HOWELL: Journal of experimental medicine, 1898, iii, p. 245. 
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The weight of evidence indicates that the infundibular lobe of the 
pituitary body contains two substances, which have an effect upon 
the blood pressure when injected intravenously. One has a pressor 
and the other a depressor action. They differ in their solubilities in 
alcohol, ether, and salt solution, and by taking advantage of this they 
can be separated. The exact method by which these substances effect 
the alteration in arterial tension is not definitely known, but it prob- 
ably is mainly due to their effect upon the arterioles. 

Chief among those who have studied the action of extracts of nervous 
tissue are Schafer and Moore ! and others whose names are given in 
the bibliography.2. The extracts produce a fall in arterial pressure 
before and after division of the vagi and after atropin. The gray 
matter seems to be richer in the active material than the white. 
Halliburton ® says the fall of blood pressure is partly due to the effect 
on the heart, and partly to the dilatation of peripheral vessels. As to 
the chemical nature of the substance producing the fall, little is known. 
Halliburton says that all of his results can be explained on the assump- 
tion that cholin is the active agent. Vincent and Cramer are of the 
opinion that cholin is not the active agent, but that there are two 
groups of substances in watery extracts, which when injected into 
the veins of an animal lower the blood pressure. Both are soluble 
in normal saline solution. One substance is readily soluble, and the 
other practically insoluble, in absolute alcohol. There is some evi- 
dence of the presence of a pressor substance in nervous tissue. 

Extracts of the thyroid, parotid, and submaxillary glands have been 
shown by Oliver and Schiafer® to have a depressor action when in- 
jected intravenously. Also spleen extracts produce a fall of arterial 
pressure; but it is followed by a gradual rise, which later returns to 
normal. Vincent and Sheen ® obtained with extracts of spleen tissue 
only a fall in arterial pressure. The former observers used glycerin 
and watery extracts, made at 38° C., while the latter used saline 
decoctions. The latter have also shown that there is a depressor 


1 SCHAFER and Moore: Journal of physiology, 1896, xx, p. 2 


2 HALLIBURTON: Journal of physiology, Igoo, xxvi, p. 229; GULEWITSCH 


Zeitschrift fur physiologische Chemie, 1899, xxvii, p. 50; OTT: Journal of physi 


ology, 1900, xxvi, p. 229; CLEGHORN: This journal, 1899, ii, 471; VINCENT 
and OsBorRNE: Journal of physiology, 19c0, xxv, p. 283. 


8 HALLIBURTON: Journal of physiology, 1g00, xxvi, 
4 VINCENT and CRAMER: Journal of physiology, 
6 OLIVER and SCHAFER: Journal of physiology, 


® VINCENT and SHEEN: Journal of physiology, 1903, xxix, p 


p. 229 
QO4, XXX, Pp. 143 
5. XVI | 2 
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substance present in saline extracts of liver, kidney, muscle, ovaries, 
pancreas, lung, and intestine. These investigators also find a pressor 
substance in liver, spleen, and kidney. It is more soluble in cold salt 
solution than the depressor, and is either destroyed by boiling, or 
sufficient depressor substance is extracted in boiling solutions to mask 
the pressor effect. Some years after Brown-Séquard ! made public 
the result of certain experiments upon himself, with subcutaneous 
injections of the expressed juice of testes of dogs and guinea-pigs, 
Dixon ®* studied carefully the effects of orchitic extract upon arterial 
pressure. He showed that the extracts produced a fall in blood pres- 
sure after a comparatively long latent period. The effect is due 
chiefly, he claims, to cardiac inhibition ; but vaso-dilatation is one 
factor. The recovery is slow, gradual, and inversely proportional to 
the amount injected. Respiration is increased with small doses, but 
large doses cause a temporary cessation of respiratory movement. 
Cardiac and respiratory effects are absent if the vagi have been 
divided. 

In summarizing the literature it is seen that in a few cases, as in 
the suprarenal capsules, the pituitary body, the liver, the spleen, and 
the kidney, the extracts contain a pressor, while practically all extracts 
contain a depressor substance. 

The present work was suggested by the fact that no mention was 
found of the action on blood pressure of intravenous injections of bone 
marrow extracts. We have tried to ascertain what effects sodium 
chloride solution extracts of bone marrow produced upon blood pres- 
sure in dogs before and after section of the vagi and after the use of 
atropin. We also tried to determine roughly the temperature at 
which the active principle is most readily soluble, and whether or not 
it is destroyed by boiling. We had in mind also to study the action 
of marrow extracts of various species on the blood pressure in a single 
species, and whether the effect of these extracts was specific; 7.¢., is 
the action of the extracts made from one species the same when in- 
jected into different species? Our data on this point are too scanty as 
yet to warrant any conclusions. We also made a few experiments with 
the view of determining whether or not there was any direct antago- 
nism between the depressor substance of marrow extracts and adre- 
nalin chloride. This was suggested by the work on the antagonism 
between the depressor substance of the pituitary body and adrenalin 

1 BROWN-SEQUARD: Archives de physiologie, 1889, xxi, p. 651. 
2 Dixon: Journal of physiology, 1901, xxvi, p. 244. 
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TABLE 
EXTRACTS FROM 
Blood pressure : 
Wt I rime t 
xp turn 
\ of First injection. Vag 
Norma Rise. Fall. normal 
lbs mm. mm secs 
] 1S Dog marrow, “ extract 
filtered warm” intact 114 LSO 
2 12 ee 135 132 13 
3 20 Xtract 
123 124 95 240 
} 21 SI 
‘ = 112 123 112 90 
5 15 © t 
t 
filtered cold . “ 77 S6 77 60 
6 Ox marrow, “extract 
filtered warm’ “6 120 132 5§ 900 
7 25 Ox “extract 
filam warm” . S9 93 64 210 
16 Sodium chlorid 134 134 134 
9 21 x marrow, “sediment 
extract S2 S3 900 
10 19 Ox ‘marrow, “ extract 
ed warm’ LOS 112 Of 300 
12 39 Ox marrow, “sediment 
extract” 117 125 +0) 270 
13 16 if ¢ idrenalin chlo 
rice 77 94 77 2¢ 
14 20 4 Cc idremalin chlo 
ride 120 165 120 65 
15 23 Ox marrow, “made by 
boiling” . : és 139 146 74 286 
16 23 Dog marrow, “ extract 
filtered warm” 145 152 127 102 
17 Ox marrow, “extract 
made by boiling ; divided 142 149 123 25 
1 A large number of injections were made upon each dog, as a rule, and two are 
selected for the tabl 
2 Usi in induced current of constant strength, we observed that stimulation of 
perl ral ends of the divided v igi was more effective in the dogs not affected by 
goitre 
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tions were made by means of a burette and cannula connected with 
the central end of a femoral vein. The time of injecting was recorded 
on thedrum witha signal magnet. The temperature of the solutions 
as injected was taken from a thermometer inserted into the tubing 
leading from the burette to the cannula. Injections for the most part 
were made at approximately body temperature, and may be so con- 
sidered unless otherwise stated. For control experiments the sodium 
chloride solution in the same concentration as that employed in 


making the extracts was injected. 
EXPERIMENTAL RESULTS. 


‘Extract filtered warm.” Dog marrow.— This marrow is of a deep 
red color and of a soft consistence at room temperature. The injec- 
tion of 3 c.c. of the “extract filtered warm” into the veins of an 
eighteen-pound dog produced a slight fall in the blood pressure. 
The use of a 25 c.c. dose produced a sudden small rise followed by 
a sharp and pronounced fall, These phenomena were observed in all 
subsequent experiments, with a few exceptions which will be men- 
tioned in the proper place. The “ extract filtered warm ”’ solutions did 
not produce as deep and lasting a fall as thi f Fig. 1, which was 
caused by the “sediment extract.” After section of the vagus nerves 


the extract produced the same effect upon blood pressure, with the 
| 


exception that the fall of pressure was not so low, nor did it last so 


long atime. The injection of an equal dose of sodium chloride solu- 


produced a sudden small rise in pressure, which immediately re- 


turned to normal. In no case did we ever get a fall in blood pressure 


with the sodium chloride solution. The rise from the sodium chloride 


‘tion seemed to be of the same height as that produced by any 
he injections of the “extract filtered warm”’ solution of dog 
marrow. 

Shecp marrow. — The appearance of the marrow from the bones of 


heep is somewhat like that from the bones of the dog, but it is no 


red; it apparently contains more fat. The exact concentration of 
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this solution was not determined, as only small quantities of the mar- 


row were obtainable. However, the concentration was probably much 
weaker than those employed in most of our experiments. An injec- 
of 26 c.c. of the “ , filtered warm” into a fifteen-pound 


pressure, which was not succeeded 


tion 
produced 
1 fall below normal. The rise, however, was greater than that 


produced by an equal volume of sodium chloride solution alone, and 


3. 


fects of B w Extracts on Blood Pressure. 335 
Effects of Bone Marrow L£xtracts on Dloo essure. 333 
| 
— 
| 
== 
| 
= 
-- - 
. 
== 
== 
= 
= 
= = = — 
z === | 
SS 
3 ae | 
SS 
= 
| = 
= 
= 
= 
= =} : 
| | 
= & 
‘ 
= 
Ct 
— 
— _- 
= 
| 
—- *;; 
| =a 
} 


Orville Harry Brown and Charles Claude Guthrie. 


for a longer time, but came gradually back to normal in the 


course of a few seconds. Very little weight can be given to this 
result, as only one experiment was performed, for the reason given 
above. 

Ox marrow.— This marrow differs in appearance from both the 
dog and sheep marrow. It is white or yellowish in color, being usually 
of a firm consistence at room temperature. In some cases we ob- 
tained considerable quantities of the yellowish-colored marrow, which 
was invariably of a softer consistence than the white marrow. For 
our experiments, however, all of the marrow in the shafts of the long 
bones was mixed and extracted together. It was found that a 5 or 
10 c.c. dose of this always produced a slight fall in blood pressure. 
In order to get decisive results 25 c.c. were usually injected at a 
time. The injection always produced a rise which was followed 
by a pronounced fall. This rise was frequently greater than that 
produced by the same quantity of saline solution. The fall was rela- 
tively long, often lasting three to fifteen minutes (Fig. 1). The heart 
rate was usually accelerated during the first stage of the fall, and later 
was somewhat slowed as the pressure returned to normal. A second in- 
jection of the same preparation usually did not give as great a fall 
as the first, and the period of lowered blood pressure was much 
shorter. After the division of the vagi, an injection of the extract 
always produced a fall of blood pressure. This fall was usually not so 
great as before the vagi were cut, and was of shorter duration ( Fig. 2). 
After inactivation of the vagi by use of atropin— this being determined 
by stimulating both nerves—an injection of the extract failed to produce 
a fall of pressure. Further observations on this point are necessary. 
The extract filtered warm was injected at various temperatures. At 
body temperature, or somewhere near it, the typical fall was produced. 
Within certain limits the depressor action was directly proportional to 
the temperature. When the temperature was reduced to 20 to 25° C., 
the effect was about the same as that produced by the injection of 
an equal amount of sodium chloride solution, excepting in the cases 
where a distinct pressor effect was evidenced. Asarule,an injection 
of the “extract filtered warm” in addition to the effects upon blood 
pressure produced an increase in amplitude of respiration and not 
infrequently of rate also. In a few cases the rate was slightly 
slowed. 

‘Extract filtered cold.” —In no instance did an injection of 25 c.c. 
of this solution into the veins of a dog produce a fall of blood pressure. 
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Liffects of Bone Marrow 


In some cases it produced arise slightly greater 
the same amount of sodium chloride solution. 
the result was not different after 
‘“Sediment extract.’’— This solutior 

blood pressure (Fig. 1). In one expe 
85 m.m. of mercury. The fall was not 
preceded by a rise 

would have been c 


chloride injection of the same amoun 


A second injection of the ‘“ sediment | 


\ 


extract” gave the. same results as a 
second injection of ‘extract filtered 
warm.” <n injection after division of 
the vagi gave the same results as de- 
scribed under “ extract filtered warm ”’ 
(Fig. 2). 
Extract made by boiling. 


tract produced the typical 


| } 
| 


resulted from an injection of the ex- 
tract filtered warm” or the “ sediment 
extract’’; but there was no rise pre- 
ceding the fall, or only avery slight one 
corresponding to the rise that would 
have been produced by an injection of 
the same amount of sodium chloride solution. A second 11 
this extract also produced the same results as 4 second inj 
the “extract filtered warm” or the “sediment extract 
curred after division of the vagi the same as with 
active depressor extracts. 

Fat suspended in sodium chloride solution. — To elimina 
bility that the depressor effect might be due to the s 
fat necessarily present in the solutions, a small amount 
obtained in the preparation of the extracts was shal 
sodium chloride solution, and jnjected. The results 
as for sodium chloride solution alone. 

Antagonism of adrenalin chloride to the depressor substance. 


1 
OStan 


is a physiological antagonism existing between these two su 
The action of the one which is present in the larger pharmacolog! 
dose will predominate when a mixture of the two is injected. 


dosage may be so graduated that the adrenalin rise will pre 
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fall produced by the marrow extract. This occurs only when the 
adrenalin dose is small and the other is large. The curious phenom- 
enon was observed that when the dosage of each was such as to 
produce distinct effects — but the adrenalin rise being greater than 
the marrow fall — the mixture of the two doses produces a rise less in 


height than the adrenalin alone, but of much longer duration. 


SUMMARY. AND DISCUSSION. 


There is contained in the marrow of long bones a substance which 
when mixed with sodium chloride solution and injected into the veins 
of a dog produces a fall of blood pressure. This is true of the marrow 
of ox and dog and probably other animals. The cause of the fall is 
probably chiefly a vaso-dilatation. It comes on shortly after the 
injection; the heart beat during the fall is not decreased in frequency 
or force. In fact the rate is usually increased on the downward 
curve, and slightly decreased as the curve approaches the original 
level. These facts are in harmony with the usual statements regard- 
ing the depressor effects of most organ extracts; 7. ¢., the depression 
of the blood pressure is usually due to vaso-dilatation. The fact that 
a second injection does not produce as great a depression as the first 
is in accordance with what is known regarding the action of an 
extract of the pituitary body. The fact that the fall occurs when the 
injection is made after section of the vagi is further evidence that it 
is due to vaso-dilatation. The results also indicate that the marrow 
extracts which have not been heated far above body temperature 
contain a pressor substance. This harmonizes with the fact before 
stated regarding the pressor substances of liver, spleen, and kidney. 
The marrow extracts contain in most cases a substance which stimu- 
lates respiration. Regarding the nature of the active substance, it 
has been shown that it is insoluble or only slightly soluble in cold, 
and that it is soluble in warm salt solution and that it is not de- 
stroyed by boiling. The solution containing the active substance, 
even after passing repeatedly through filter paper, is not clear, and 
does not become clear by sedimentation. Table I is from extracts of 
the protocols of all experiments done, and gives the most important 


resuits of each experiment. 


AUSCULTATION OF THE RHYTHMIC SOUNDS PRO- 
DUCED BY THE STOMACH AND INTESTINES.! 


By W. B. CANNON. 
tory of Physiology in the Harvar 


N reporting, in 1902, observations on the movements of 


tines, | made note? of an instance of rhythmic sounds accom 
panying the movements of rhythmic segmentation in the small gut. 
It occurred to me at that time that the sounds heard over the 
abdomen might indicate the mechanical activities going on in the ali 
mentary canal in man, but only recently has my attention been strongly 
aroused to the interest and possible practical value of abdominal aus- 
cultation. The loud gurgling sounds produced by the intestines 
were, of course, observed and recorded centuries ago —the descrip- 
tive designation “ borborygmus” was employed even by Hippocrates 
And Robert Hooke, in a remarkable passage written more than a 
hundred years before Laennec, suggested ‘that it may be possible 
to discover the Motions of the Internal Parts of Bodies . . . by the 
sound they make, that one may discover the works performed in the 
several Offices and Shops of a Man's Body, and thereby discover what 
Instrument or Engine is out of order, what Works are going on at 
several Times and lie still at others”; and in support of this idea 
Hooke mentioned, among other instances, the hearing of the ‘* Motion 
of Wind to and fro in the Guts.”*® The suggestion that abdominal 
sounds may be useful in discovering the works of the stomach and 
intestines has, however, received but scant attention. In 1849 
Hooker published an essay* in which he described variations in the 


1 The first results of this investigation were reported at 


the 
American Gastroenterological Association, April 24, 1905.  S« 
New York, May 20, 1905. 
2 CANNON: This journal, 1902, vi, p. 259. 

8 HOOKE: Posthumous works, London, 
natural philosophy, pp- 39 and 4o. 

4 HooKER: Boston medical and surgical journal, 1849, xl, pp 
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frequency and intensity of intestinal gurglings in the course of differ- 
ent diseases of the digestive organs. Since that time other writers 
have classified the sounds normally audible into splashings, rattling 
or rustling noises, the transmitted murmurs of respiration, and the 
rhythmic pulsation of the aorta.' These sounds, however, according 
to L. Bernard,” are not constant over the abdominal organs, nor do 
the vibrations heard characteristically in the healthy individual alter 
in pathological conditions.® Even in the most recent and most com- 
plete treatises on auscultation * the only additional statements, so far 
as the gastroenteric tract is concerned, are with regard to the rubbing 
noises audible in cases of inflammation, and the piping notes that can 
be heard when there is intestinal] stenosis. Any further notice of the 
facts or possibilities of auscultation of the stomach and intestines 
during digestion I have been unable to find. 

As any one can easily determine, the abdomen is not poor in noises ; 
on the contrary, it is usually much richer than the thorax, and the 
noises are of the most diverse character, from soft gurglings to loud 
rumbling explosions. Any special attention to the peculiarities of 
certain sounds in the general tumult audible at the height of 
digestion was hardly to be expected, so long as the nature of the 
motor activities of the stomach and intestines was not well under- 
stood. Within a few years our knowledge of these activities has been 
largely augmented. This advance should enable us to recognize more 
accurately the relation between the movements of the alimentary canal 
and the sounds these movements produce, 

The most characteristic feature of the movements of the stomach 
and intestines, as observed in the lower animals, is without doubt 
rhythmicity. Over the pyloric end of the stomach, during gastric 
digestion,” peristaltic waves are constantly passing in rhythmic suc- 
cession ; in the small intestine the most usual activity is a repeated seg- 


mentation of the food by rhythmic contractions of the circular muscle,® 


1 See WINKEL: Jahresbericht der Gesellschaft fiir Natur- und Heilkunde in 
Dresden. Sitzung, December 6, 1873. 

2 BERNARD, L.: Zur Auscultation* des Abdomens. Inaugural-Dissertation, 
Wirzburg, 1879. 

8 Evidence is presented in this paper that BERNARD is mistaken in his first 
statement; he may be mistaken also in his second statement. 

4 EULENBERG, KOLLE, and WEINTRAUD: Lehrbuch der klinischen Unter- 
suchungsmethoden. Berlin and Vienna, 1904, i, p. 691. 

5 CANNON: This journal, 1898, i, 


® CANNON: This journal, 1902, vi, pp. 256, 265. 
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occurring over and over again, and not causing the fe 


to advance; and in the ascending colon, during short peri 
peristaltic waves rhythmically follow one another toward th 


The condition most favorable for the produc tion of so 
alimentary canal is the presence of a gas mixed with food 
less fluid. When the food and the gas are churned together, ; 


must result. Air in fine division can be introduced int 
by eating in combination with other food or | 


preparations as souffles, light omelettes, toast, or very porous bread. 


have also used a thin paste of gluten flour and milk, thorough! 


with white of egg until the mixture was frothy. E 

cream and sugar, this mixture is not unpleasant. 

should not be chewed so thoroughly as to drive much of the 
the small cells in which it lies enclosed. When such food 


rhythmic sounds can be heard over the pyloric end of the 


and later over the lower quadrants of the abdomen. 


In listening to these sounds I have made use of a 
scope with the hard-rubber disc of the metal chamber two 


chambel 


diameter. The flatness and weight of the meta 
I 


so stable that it remains where placed without being held; and 


the addition of a rubber tube of sufficient length the stethoscope w 
reach easily to any situation on the observer’s own abdomen. [or 
several months I have kept the stethoscope at hand near my be 
and when unable to sleep I have used it in listening to the sounds of 
digestion. At times in the quiet of the night it is possible 
the sounds without the stethoscope. Indeed the vibrations are some 
times so strong that they can be felt in the abdomen, or perceived 
like the tactile fremitus of the chest, by placing the hand over the 
region in which the sound arises. 

The rhythmic sounds are not due to respiration; they differ from 
the respiratory murmurs in rate and time. Nor are they due, as one 


who hears the confusion for the first time might suspect, to the ¢ 
choice of a rate and the selection of such sounds out of the « 

as correspond to that rate. Graphic records of the sounds pro 

by the stomach and small intestine have been secured, and the element 
of human judgment thereby eliminated. In registering the sounds of 
digestion I have employed the first method used by Hiirthle! to reg 
ister the heart sounds. A carbon telephone transmitter, rendered 
specially sensitive by the use of rather coarse carbon granules loosely 


1 HUrTHLE: Archiv fiir die gesammte Physiologie, 5, Ix, p. 264 
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disposed, was connected in series with five dry cells (total electro- 
motive force, 5.5 volts) to the primary coil of an inductorium.' The 
secondary coil of the inductorium was attached to platinum elec- 
trodes in a moist chamber. Over the electrodes lay the nerve of a 
nerve-muscle preparation. The contraction of the muscle raised a 
lever which wrote on a smoked drum. _ So sensitive was this arrange- 
ment that ordinary conversation could not be carried on near the 
apparatus without marring the record. Sound vibrations are con- 
ducted from one point to another in the abdomen much better than 
in the thorax. But when sounds not arising immediately under the 
transmitter caused the muscle to contract, the recording of these 
muffled outlying vibrations could be largely avoided by withdrawing 
the secondary coil of the inductorium to a proper distance. In order 
that the observer might listen to the sounds while they were being 
recorded, a telephone receiver was arranged to be thrown into circuit 
at will. 
THE Sounps PRODUCED BY THE STOMACH. 


The active end of the stomach is the pyloric end. The food in the 
antrum is repeatedly compressed by peristaltic waves moving up to 
the pylorus. If the sphincter does not relax as the ring of constric- 
tion approaches, the only escape for the food is back through the ad- 
vancing ring. Since the waves are recurring with rhythmic regularity 
and the pylorus relaxes only occasionally, the food near the pylorus 
must be squeezed and regurgitated by well-nigh every constriction 
ring. 

That the rhythmic gastric sound is caused by the escape of the food 
backward through the narrow moving orifice was proved by the fol- 
lowing observation. A mixture of starch paste, white of egg and 
subnitrate of bismuth, stirred with an egg-beater until frothy, was 
given by stomach tube toa cat. The cat’s hair had been cut short 
over the pyloric region, and the skin wet with water. When a steth- 
oscope was applied, little gurgling explosions could be heard at inter- 
vals of about 13 seconds. The animal was then examined with the 
Rontgen rays, and peristaltic waves were found recurring at intervals 
of 13 to 14 seconds. As a constriction was about to pass up to the 
pylorus, I stopped the electrical interrupter and listened. At the 
proper time the characteristic sound occurred. Meanwhile no food 

1 1 wish to thank Mr. H. V. Hayes and Mr. G. K. THompson of the Amer- 
ican Bell Telephone Company for their kindness in furnishing apparatus for my 


use. 
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had left the stomach; the sounds must 
gitation of the food back through the adv: 
Since the pyloric end of the 
and to the front than any other part, it is clear that lying 
side of the body or on the back or between these two posit 
bring the pyloric end uppermost. When the stomach is so 
the lighter food, 7. ¢., food mixed with air, will naturally rise 
pyloric end. Peristaltic waves passing over this somewhat viscous 
mixture of air and chymous food will then, for reasons already stat 
produce audible vibrations. Sounds quite distinct 
lay on his left side became very weak or inaudible when he 
that the pyloric end was lowermost. ° 
The stomach sounds can best be heard after a fairly bou 


in which has been included a large admixture of tl 


consistency already mentioned. The subject shoul 


or on his back or in any intermediate position. The 


scope should | laced ut midway between the umbilicus 


+ 


lower end of the sternu and the right of the med 


ids are usually loud, rattling, explosive, 

ity, quickly recognize fter they have once been fixe 
But occasionally there is only the recurrence of a short ser 
In some indivi 
they are in others; and ina ase have studied, 
even within two or three minute lc derably 


sity. At times the characteristic explosive discharges las 
seconds; at other times there is at the regular period merely 


short report. Between the moments when the 


typical so 


} 


one can ordinarily hear with more or less distinctness 


pop, and perhaps several, always coming at irregular inte 
sharp pops, which resemble the burst 


ing 
parts of the abdomen, but wit! 
The gastric sound re 
individual the 
about 21 se 
vary, as thi 
times in the same individual. 
for example, the interval was occasional 


lower animals, except the rabbit, that 


Rontgen rays, peristaltic 
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stomach with monotonous regularity whenever, during gastric diges- 
tion, the animal has been observed. It is probable that in man also 
gastric peristalsis runs in continuous rhythm until the stomach is 
empty, for in one case observation during the first four hours after a 
meal revealed only occasional short interruptions of the rhythmic 
sounds. The sounds ate likely to be thus interrupted even when 
they have been for some time clearly and regularly audible. The 
silence may cover one, two, or even three of the regular periods. It 
is noteworthy that when the sound can be heard again it continues 
the previous rhythm. This fact is illustrated by the following figures, 
showing the number of seconds between successive gastric sounds 


about two hours after dinner: 


= 19 + 19 


The equations show that the normal periods have been preserved ; 
it is probable, therefore, that the peristaltic rhythm has been contin- 
uous, although each wave has not produced a sound. The sound just 
previous to a silent interval is likely, in my experience, to be some- 
what louder and more prolonged than is usual. It may be that this 
prolonged sound means a discharge of food through the pylorus, and 
that the conditions in the antrum are thereby so altered that the im- 
mediately succeeding waves can cause no sounds until the antrum is 
again normally filled; but I have no evidence of this. 

Fig. 1 is the copy of a record, secured by the telephone method 
previously described, which shows graphically many of the features 
of the stomach sounds above mentioned. The different heights of 
the separate marks indicate variations in the intensity of the sounds. 
The duration of the sounds also can be judged; for example, at c and 
e they are more prolonged than before a. One of the intermediate 
pop sounds is recorded at a. Silent intervals are indicated in the 
regions 4, d, and f. In these regions arrows have been placed at the 
points where the sounds would have recorded if present. The regular 


rhythm is resumed in continuation of the previous rhythm. It should 


not be supposed that the silent intervals are always as frequent as 
this record shows them; I have one tracing in which the marks are 


Ig 20 
3° Ig + IQ 19 
Is 19 
19 20 
59 = 19 + 20+ 20 
19 20 
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not only rhythmically regular, but of almost 


the same height, uninterruptedly for fifteen 


audible over the pyloric region are due to 


minutes. 
The evidence that the rhythmic scunds — 


the rhythmic recurrence of peristaltic waves 


moving up to the pylorus has been presented 


in a comparison of the conditions in man and 
in the cat. This evidence is confirmed by 


observations of Moritz on himself. He intro- 


| 
duced a stomach tube into the pyloric end = an 


of his stomach, and found that there yrere 


rhythmic oscillations of the intragastric pres- 


sure in that region. Examination of his 


records proves that the rate of gastric per- 


istalsis, in his case also, is approximately 


three waves per minute, or waves at inter- 


vals of about 20 seconds.! 


Tui 


INTESTINE. 


As stated in the report of a previous in 


vestigation rhythmic segmentation, although 
not always present even when the intestinal 


by far the most 


| 

SOUNDS PRODUCED BY THE SMALI —— 
| 


contents are abundant, is 


common mechanical process to be observed in 


the small gut.2 The process has been studied _— 


not only in the cat, but also in the dog and 


rat. In the rabbit the circular muscles are 


rhythmic in action, but they have not been 


found segmenting the food as in the dog 


and cat. In these animals a long mass of —= 


food is re} eatedly divided into little se 


ments by the rhythmic constrictions: in the 


rabbit, on the other hand, all that I have > 


observed is an oscillation of a small mass of 


the food to and frointhe lumen of the cut 


' Moritz: Zeitschrift fiir Biologie, 1895, xxxii, p - 


53. 


* CANNON: This journal, 1902, vi, p. 256. 
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—as if acircular constriction in one place forced the mass forward, 
then a circular constriction in front forced it back, whereupon a re- 
turn of the first constriction caused the process to be repeated, and 
so on at a rapid rate for many minutes. 

The movements of rhythmic segmentation have a more rapid rate 
than the stomach movements. In the cat the peristaltic waves of the 
stomach occur from 4 to6 times per minute, the segmenting movements 
sometimes 18 to 21, sometimes 28 to 30 times per minute; in the dog 
the gastric waves run a little more rapidly than 4 per minute, the seg- 
menting movements from 12 to 14, and from 18 to 22 times per min- 
ute.- In both animals the rhythmic contractions of the small intestine 
are from three to five times as frequent as the waves of gastric 
peristalsis. 

Usually, if one listens over the lower abdomen, especially over the 
right lower quadrant, during the height of digestion, one hears what 
seems at first only a great confusion of noises. Without experience 
it is difficult to distinguish in the midst of this tumult the rhythmic 
sounds of the small intestine. It is better to listen in the night after 
the stomach is empty, or better still an hour or two before break fast. 
The stomach is then producing no sounds, and the active part of the 
large intestine can be avoided by placing the disc of the stethoscope 
over the lower left quadrant of the abdomen. As already mentioned, 
these sounds can sometimes be heard in the quiet of the night with- 
out the use of the stethoscope. I have heard them thus and determined 
their rate by listening at the same time to a clock ticking twice a 
second. 

The rhythmic sound of the small intestine is different in quality 
from the gushing, explosive sound of the stomach. To be sure, the 
intestinal sound is not always the same: sometimes it is a soft rust- 
ling of fine crepitating noises; sometimes a group of little rattling 
explosive discharges, as if an exaggerated crepitation; and sometimes 
a rough rolling rumble, like miniature thunder. But after these vari- 
ations in quality there remain three features of the intestinal sounds 
that are quite distinctive. First, the sounds usually rise slowly to an 


acme of intensity and then gradually subside; but they may increase 


slowly to a maximum and suddenly cease, or may begin loud and then 


gently decrease to silence. Thus, each sound may last 2 or 3 seconds, 
or more. The second characteristic of the rhythm is its persistence 
for some time in one place; it may be audible for a minute, or it may 


last for many minutes, but it does not move away as the sound pro- 
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duced by a peristaltic wave would move. The third feature is the dis 
tinctive rate. This rate is usually one sound every 7 or 8 seconds, 
but I have heard the sounds 4 or 5 seconds apart, and at times 10 
seconds apart. This rate would occasion from 7 to 12 movements per 
minute. The rhythmic contractions of the small intestine are thus 
from two to four times as frequent as the waves of gastric peristalsis, 
—a condition corresponding to that in the cat and dog (see p. 346). 
This fact and the fact that these rhythmic sounds can at times be 
heard loudest in the left flank, far from the active ascending colon, 
have led me to regard these sounds as a result of the activity of the 
small intestine rather than of the colon. Of course, at any one time 
there will be some variation in the rate, but usually it is not great, as 
the following figures, showing the number of seconds between the 


beginnings of successive sounds, will indicate: 


6 


As these figures illustrate, the sound sometimes skips the 
period, but continues the rhythm on reappearing. 

In the morning, after an ample dinner the evening before, | 
heard these rhythmic sounds continue without interruption for more 


than an hour anda half. The intestinal sounds are not peculiar to 


the morning hours, though they are most clearly distingu 
at that time. After learning their qualities and rate hear 
them distinctly in the midst of active digestion in the afternoon and 
evening. Nor are they peculiar to the left side of the body; at ti 
I have heard them loudest on the right side. 

In describing in 1902 the rhythmic sounds attending rhythi 
segmentation in acat with opened abdomen, I stated, ‘‘ As new rings 


occurred the old relaxed, but apparently with tardiness, for 


tents gureled as if forced through the narrowed lumen.”! T! 
traction of the circular muscle at fairly regular intervals along 
length of a mass of food cuts the mass into segments, and the re 
peated splitting of these segments to form new segments must bring 
about with each operation a squeezing and shifting of the food, 
almost simultaneously along the whole line. If the food contains 


1 CANNON: This journal, 1g02, 1 
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air, the squeezing and shifting will result in audible rumblings and 
crepitations. It seems probable that the presence of va/zulae conni- 
ventes causes the sounds to be louder than they would be in a smooth 
intestine. The rather long duration of these sounds — sometimes 
3 seconds and more — leads me to think that the process in the human 
body is like that observable in the cat and dog, and not the simple 
to-and-fro oscillation of a small bit of food observable in the rabbit. 
A record of the rhythmic sounds of the small intestine, secured by 
the method already described, is shown in Fig. 2. It is a record 
of sounds heard before breakfast one morning about half-past nine 


o'clock. The dinner at six o’clock the previous evening consisted of 


SS, 


FiGuURE 2.—Graphic record of t rhythmic sounds of the small intestir The 


of the records has been reduced to one-fourth the original size The time is marke 


Im seconds 


crape fruit, mackerel, potato, cucumber and tomato salad, four slices 


of bread and butter, and strawberries and cream with cocoanut 
cakes. About ten o'clock in the evening, four slices of bread and 
butter and a glass of milk were taken. At the time this record was 
made the telephone transmitter was placed on the lower left quadrant 
of the abdomen. The duration of the sounds is not indicated, since 


the muscle recorded in each case only at the climax of intensity. 


THE SouNDS PRODUCED BY THE LARGE INTESTINE. 


sf The antiperistalsis of the proximal portion of the large intestine 
é was incidentally observed in the cat by Jacobj! in 1890, during a 
research on colchicum poisoning. In 1902 this activity of the large 
intestine was established as the normal activity in the undisturbed 
animal by observations with the Réntgen rays.” In 1904 Elliott and 
Barclay-Smith® confirmed these observations on the cat and found 
that in the rat and guinea-pig, and toa slight extent in the rabbit, 


hedgehog, and ferret, antiperistalsis was present in the proximal 


1 JACOB Archiv fiir experimentelle Pathologie und Pharmakologie, 1890, 


XXVil, p. 147. 


CANNON: This journal, 1902, vi, p. 265. 


§ EvLuiotr and BARCLAY-SMItTH: Journal of physiology, 1904, xxxi, 
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colon. They also found in the herbivorous animals t 


that sacculation of the proximal colon was associated witl 


movements, each sacculus becoming at times 
oscillations. The greater the churning activity o 
the more marked was the sacculation of its wal 

is of the sacculated herbivorous, rather than of tl 
The sign of a proximal colon which mixes and ch 
food is a uniform soft consistency of the content 
being this condition is realized only in the cacum and 
colon; the contents of the transverse colon are 
those of the rectum.! Elliott and Barclay-Smith 
that in man the food entering the proximal colon 
a backward current, still commingled by the 

the sacculi.” 

Antiperistaltic waves moving toward the cacu 
focd into a blind pouch, just as do the perista 
stomach so long as the pylorus remains closed. 
for the food must be, as in the stomach, back through the adi 
ring. Each peristaltic wave should produce a sound sin 
quality to that of the stomach. From the analogy of 
would expect these waves to have about the same rat 
as the gastric waves. One would expect likewise th 
run not continuously, like the gastric waves, but for shor 
new masses of food enter the colon from the small 
they would appear, as in the cat, after the injection of 
and that during the periods of activity the waves w 
another in a fairly regular rhythm. 

The greater activity in the right lower quadrant of 
manifested by the more frequent occurrence of so 
in the left lower quadrant. At times an almost co 
of little popping noises and faint gurglings can be 
over the ascending colon when the region ovet 
is quite silent. But in spite of listening in the reg 
for hours, at different times of the day, and with 
ous positions, a uniform and characteristi 
this region, if it be present, has escaped me. 
rumbling character somewhat like those 
more prolonged, are at times audible. 
heard recurring regularly for a short period at 
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3 
seconds. More commonly, in my experience, such irregular intervals 
as these— 45, 25, 35, 27, 25, 14, and 29 seconds —are observable. 
Inasmuch as these sounds are not clearly rhythmic it seems question- 
able whether they are produced in only one part of the intestine. 
But these gurglings are heard loudest along the ascending and trans- 
verse colon, and for that reason are probably due to activities of 
the large bowel. 

The absence of a regular rhythm in the repeated contractions of 
the large intestine has been supported by experience with enemata. 
The enemata consisted of starch and a little flour boiled in normal 
salt solution. The resulting paste was thin, yet viscid enough to be 
stirred into a froth much like soapsuds. Enemata of this kind, made 
frothy, were introduced at body temperature in amounts varying 
between 1500 c.c. and 2000 c.c. In order to avoid confusing noises 
from the stomach their effects were studied in the morning before 
breakfasting, and they were usually preceded by a cleansing enema 
of warm normal salt solution. If the body is kept in a_hori- 
zontal position, the fluid can be retained for a half hour or more 
without difficulty. During this time, especially if the pelvis is raised, 
there are repeated pains or cramps referred most commonly to the 
revion of the hepatic flexure of the colon. Sometimes the pains are 
referred also to midway in the transverse, and less often to the 
ascending colon. They are very distinct and quite unmistakable in 
their character. It is remarkable that these recurring cramps, which 
are undoubtedly due to contractions of the intestine, are ordinarily 
not felt in the descending colon, sigmoid flexure, or rectum, but are 
restricted to the proximal colon, the region which in the lower 
animals is characterized by the greatest activity. 

The contractions attending the pains are not expulsive. Nor do 
they seem to move backward from the part in which they are felt, 
for no sound is audible over the cecum either during the pain in the 
hepatic flexure or after it has disappeared. The contractions appar- 
ently occur again and again in the same region without moving in 
either direction. I have observed! in the cat such repeated circular 
contractions of the proximal colon, but they are not usual. 

[he recurrent pains ordinarily last from 6 to 8 seconds, increasing 
gradually in intensity until just before the end. They are commonly 
attended by gurgling noises audible as the cramp is passing away. 


The cramps have been observed succeeding one another for nearly 
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ten minutes at intervals varying between 19 and 22 secon 

my experience they are ordinarily not so regular as this. The folloy 
ing figures, representing in seconds the time between the onset 
successive cramps, illustrate the usual rather irregular recurrence o 


the contractions: 


From the evidence I have been able to secure by auscultation and 
from sensations of cramp, it seems certain that the ascending and 
first part ‘of the transverse colon are more active than the remainder 
of the large intestine. That there is an antiperistalsis in this more 
active region is not yet established. As already mentioned (p. 349), 
Elliott and Barclay-Smith have found that such sacculation as occurs 
in the human colon is associated with emphasized churning activity 
of the walls of the sacculi. In repeating their observations on the 
guinea-pig and rabbit I have seen oscillating movements of single 
sacculi, now here, now there, or of many sacculi at the same time, 
each contracting repeatedly, squeezing out the contents of the pouch, 
crowding full the neighboring pouches which in turn become active, 
then relaxing, filling, and discharging, again and again, till the food 
is thoroughly churned. Such a process could not be attended by a 
clearly marked rhythm, —too many little activities are going on at 
the sametime. But these little activities would naturally be attended 
by the continuous popping noises and the slight gurglings which are 
heard at times over the ascending colon. Is it not likely that in man 
oscillating contractions of the walls of the sacculi, rather than anti- 
peristalsis, is the prominent operation of the proximal large intestine ? 
In accord with this suggestion is the observation above mentioned 
that the pains in the colon occur repeatedly in the same region, and 
do not spread to neighboring parts. 

A characteristic sound, not periodic, which is audible at times 
along the transverse and descending colon is a progression of little 
crackling noises like the breaking of minute bubbles. The sound 
starts in the transverse colon, and its advance can be clearly traced. 
If the disc of the stethoscope lies over the splenic flexure, the crack- 
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ling can be heard first faintly, then louder and louder, then gradually 
more faintly again ; and if after the climax of intensity there the steth- 
oscope is changed to a position farther along the large intestine, the 
sound can again be heard passing through the same phases as before, 
This sound is likely to be followed immediately by a tendency to 
pass gas from the bowel. 


OTHER OBSERVATIONS. 


To one listening for the first time for rhythmic abdominal sounds, 
probably the most striking feature of what he hears is the large num- 
ber of sounds which are not rhythmic. Most prominent among these 
irregular sounds are the sudden quick discharges or pops, which can 
be heard, either singly or in a short series of three or four, almost at 
all times and in all parts of the abdomen, though most frequently 
on the right side. As already stated, these reports resemble the 
sound of bursting bubbles; and it may be that they are caused by 
the squeezing of gas from a mass of the food by general pressure of 
the intestinal wall. Occasionally a continuous little gurgling can be 
heard for some moments, gradually becoming less intense. It seems 
probable that peristalsis in the small intestine is thus manifested. 

A noteworthy characteristic of the intestinal sounds is their 
alteration in intensity and frequency at different times. I have no 
records showing this variation, but it has impressed itself upon me 
while listening for long periods to the activities of the intestines. 
At times there will be almost silence in the lower abdomen; the 
silence will give way gradually to an abundance of sounds, and these 
in turn will subside till again only occasional sounds are audible. 
Recent observations by Boldireff have proved that the alimentary 
canal has a periodic activity while not digesting;! the intestines 
may also have alternating periods of increased and decreased activity 
while digestion is going on. 

Whether the observation of the sounds of the stomach and intes- 
tines is to be of clinical importance, will depend on whether there 
are typical variations of these sounds in different diseases of the ali- 
mentary canal. The observations here recorded, made chiefly upon 
myself, have been confirmed on other normal individuals. No at- 
tempt has been made to study the sounds produced in abnormal con- 
ditions. It has occurred to me that the method might be used to 
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separate the somewhat vague expression “ motor insufficiency 
its two factors, absence of peristalsis and pyloric obstruction. 
dently if sounds recur in regular rhythm at the pylorus, and food 
remains in the stomach, the so-called ‘“ motor insufficiency” is due, 
not to absence of peristalsis, but to difficulty at the pylorus. ‘This 


is only one of the applications which the method may have. In such 


disorders as gastritis, nervous dyspepsia, atony, colic, peritonitis, and 


dysentery, a study of the sounds produced by the movements of the 
alimentary canal, both before and after the administration of drugs, 
may reveal facts important to the clinician. 


THE PERMEABILITY OF THE MEMBRANE OF THE EGG 
OF FUNDULUS HETEROCLITUS. 


By ORVILLE HARRY BROWN. 


[From the Physiological Department of St. Louis University, and the Marine Biological 
Laboratory at Woods Hole.) 


 peeecangetigeee of animal and plant cells vary in their perme- 
ability to salts and water. Those which allow the solvent, 
which is usually water, to pass through freely, and do not allow the 
dissolved substances to pass at all, — the so-called semi-permeable 
membranes, — are seldom or not at all found in nature. Most cell 
membranes are permeable to both water and salts, but usually the 
more permeable to the former. The membrane of the red blood 
corpuscle is perhaps the best example of a semi-permeable membrane. 
In such a cell osmotic changes occur if the isotonicity of the solution 
surrounding the cell is altered. But in case a cell has a membrane 
which is impermeable to both the solvent and the dissolved substance 
no osmotic tension can be developed. Or in case the membrane is 
equally permeable to the solvent and the dissolved substance, — the 
permeation occurring with ease or difficulty, — the osmotic tension 
is not developed when the molecular concentration of the liquid sur- 
rounding the cell is altered. The rate of diffusion through such a 
membrane is in direct proportion to the ease with which the mole- 
cules and ions permeate the membrane. 

Fishes and other animals which are accustomed to living in the sea 
water usually die very soon after being placed in fresh or distilled 
water. It has been found by Bottazzi,! Fredericq,? Garrey,* and others 
that the blood or body fluid of marine invertebrates has the same 
freezing-point as the sea water from which the animal is taken, and 
therefore has the same osmotic pressure. A dilution or concentra- 


1! Botrazzi: Archives italiennes de biologie, 1897, xxviii, p. 61. 
* FREDERICQ: Archives de biologie, 1904, xx, p. 709. 
8 GARREY: Biological bulletin, 1905, viii, p. 257. 
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tion of the aquarium water in which invertebrates are kept causes 
an equivalent change in the osmotic pressure of the body fluids 
From this it is concluded that the membranes of the invertebrates 
are entirely permeable. The selachian blood is of the same molecular 
concentration as the sea water in which it lives. A dilution or con- 
centration of the aquarium water in which it is kept causes a simi- 
lar change in the body fluids, but death ensues before osmotic 
equilibrium is established. The membranes of selachians are evi- 
dently semi-permeable. The osmotic pressure of teleost blood is about 
half that of the sea water. This fact indicates that the fish either 
possesses some regulative mechanism which keeps the osmotic pres- 
sure of the blood constant or that the mgmbranes are impermeable. 

Garrey ! made extensive abrasions of the skins of Fundulus hetero- 
clitus, and placed them in fresh water, sea water diluted one-half, and 
sea water. Those in sea water diluted a half, which had the osmotic 
pressure of their blood usually survived, while practically all in the 
fresh water and normal sea water died. This seems to show quite 
conclusively that the Fundulus is resistant to changes in the salt con- 
centration of the media in which it lives, because its membranes are 
impermeable to salts and water. 

The young fish of Fundulus heteroclitus is even more resistant 
than the adult to changes in osmotic pressure. The eggs after being 
fertilized, as has been mentioned by Loeb?” and others, develop equally 
well in sea, concentrated sea, fresh, or distilled water. “wo explana- 
tions of this extraordinary phenomenon are apparent. The salts of the 
egg are last when it is placed in distilled or diluted sea water, or in- 
creased when it is placed in concentrated sea water, and the protoplasm 


of the egg is able to develop without the salt or with more than the 


normal amount present; or the salt concentration of the egg is not 


altered when changes in the surrounding media are brought about. 
Regarding the first possibility, it seems very unlikely from what 
we know of the importance of salts in protoplasmic activities that 
the egg could segment and form an apparently normal embryo, if 
practically all the salts are diffused out when the egg has been placed 
in distilled water. It likewise seems peculiar that this membrane 
should be of such a nature that water passes through it no more 
readily than the salts. This is evidenced by the fact that no change 
in the size of the egg is produced by altering the salt concentration 


1 GaRREY: Biological bulletin, 1905, viii, p. 257. 
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of the media surrounding the egg. This was shown by Dr. Sollmann.! 
The membrane then must be equally permeable to salts and water, 
or semi-permeable with the power of resisting the force of osmotic 
pressure. This last, however, is inconceivable. The question of the 


permeability of the membrane of the Fundulus eggs is of much im- 
port on account of the large amount of work which has been done 
upon the egg. 

In a former paper the author? of this article found that the Fun- 
dulus eggs were very difficult to polarize with an electrical current. 
The explanation offered for this was that the membranes were freely 
and equally permeable to water and ions. This explanation, however, 
is incorrect, as can clearly be demonstrated experimentally. 

The eggs, when pinched between the points of a forceps, are found 
to be quite firm and resistant, somewhat resembling miniature golf 
balls. If they are removed from sea water and dried with filter 
paper, they withstand the effects of the room temperature for two 
hours before showing effects of the drying. If the eggs were freely 
permeable, it would seem that evaporation at a temperature ranging 
around 25° C. would take place more rapidly. 

The eggs are not as good conductors as sea water. This is shown 
in the following way. A U-tube filled with sea water is balanced by 
a Wheatstone bridge against a resistance. The same tube is then 
filled with eggs displacing much of the sea water between the elec- 
trodes, and is again balanced against the same resistance. The slider 
has changed from 60.5 in the first case to 45 in the second, showing 
the resistance introduced by the eggs. When the sea water was 
poured out of the tube, leaving only the eggs extending from electrode 
to electrode and some sea water which remained on account of the ca- 
pillary attraction, the resistance was further increased from 45 to 25. 

To compare the eggs with non-conductors, the following experi- 
ment was performed. The tube containing eggs and sea water, as 
before, was balanced against a resistance. The eggs were then re- 
moved and small beads were substituted. The beads used were some 
larger than the eggs. The conductivity of the eggs was better than 
that of the beads, —the reading changing from 45 to 42}. There is 
really more difference between the two than this represents, because 
the beads, being larger than the eggs, did not fit together so closely 
as the eggs, and consequently more sea water was present. 

1 SOLLMANN: This journal, 1904, xii, p. 99. 
2 Brown: This journal, 1903, ix, p. 111. 
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To ascertain when the salts of the eggs pass out, when the 


placed in distilled water, an experiment was performed as foll: 


Reading at 1.20 p.m. July 19 was 
39) 
“ “ 400 
96 
“ x0 


9.00 A.M. July 20 was 


The eggs, which were obtained fresh, were washed rapidly through 
several changes of distilled water and placed in the U-tube along with 
some distilled water. The tube was th€n balanced against a resist- 
ance. Observations were then made at irregular intervals for a period 
of about seventy-two hours. Table I shows the records. During the 
first eight hours the conductivity remained practically unchanged, 
showing that no salts left the eggs. After the eggs had been in the 
distilled water eight hours, salts began to leave the eggs slowly, 
causing an increase in conductivity. After eighteen hours there 
was a period when the conductivity increased very considerably. 
After twenty-seven hours there was a slight increase in conductivity 
To show that the salts are present in the eggs in an ionic condition 
before they begin to leave the eggs, the eggs were placed in distilled 
water in the U-tube as before and balanced against a resistance. 
They were then poured into a mortar and pulverized. The pulver- 
ized mixture was put into the tube and balanced against the same 
resistance. The Wheatstone bridge showed that the increased con 
ductivity was from 70 to 90. 

Mathews ! found that after the eggs had been in distilled water for 
some hours considerable chlorine was still present in the eggs. 

An experiment was tried to demonstrate that salts pass into the 
eggs. The eggs were placed in concentrated sea water in the U-tube 
and balanced against a resistance. If salts entered the egg and water 
left it, there should be a decrease in conductivity of the tube. But 
there was invariably a slight increase in conductivity instead of a 
decrease. This was due to fermentative changes which took place 
in the eggs after they had been in the abnormal conditions for some 


hours. This usually occurred after the eggs had been in the con 


centrated sea water ten to twenty hours. Since it was about at this time 


1 MATHEWS: This journal, 1904, x, p. 290 
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that salts seemed to leave the eggs most plentifully when they were 
in distilled water, the possibility is suggested that the increased per- 
meability of the membrane may be due to a fermentative process. 
That salts do pass into the eggs is shown by Mathews’! and others’ 
experiments where toxic effects are obtained by surrounding the eggs 
with solutions of the toxic agent. Stoccard? found, by placing the 
eggs in a lithium solution, that if the eggs were removed in three, 
four, or five hours, no toxic effects were produced ; but after that time 
characteristic effects resulted. 
CONCLUSIONS. 
The membrane of the eggs of Fundulus heteroclitus is practically 


impermeable to salts and water during the first six or eight hours, 
z. e. eggs placed in distilled water do not lose their salts during that 


period. The membrane becomes the most permeable after about 
eighteen or twenty hours. The membrane is equally permeable to 


water and salts. 


My thanks are due Dr. Carlson for helpful suggestions. 


1 MATHEWS: This journal, 1904, x, p. 290. 
2 STOCCAKD: Persona] communication. 
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ON THE SUPPOSED EQUIVALENCE OF SODIUM AND 
LITHIUM IONS IN SKELETAL MUSCLE. 


By CARL SPENCER MILLIKEN ann PERCY GOLDTHWATITI 


Hk importance of electrolytes in suétable variety and in bal 
relations as a condition of normal activity in living tissue has 


in recent years constantly gained recognition. At least four metallic 


ions seem always to be present in measurable quantity in animal cell 


and fluids. These are Na, K, Ca,and Mg. The action of Ca and 
K has been defined through many experiments — exact studies in 
regard to Mg are wanting. Among these ions Na occupies a unique 
and baffling position. Its great abundance in the fluids prec] 
the attempt to find out its specific influence by increasing the 
portions present — for to increase its quantity is to make the so 
hyperisotonic and so to introduce disturbing conditions for whic] 
can scarcely make due allowance. To reduce the sodium in our 
media, seeking to discover in what ways the tissue suffers by its with- 


drawal, is likewise an unsatisfactory process, for we must eithe 


permit a damaging dilution or we must substitute for the norn 
Na an isotonic equivalent of some foreign solute which we cat 
positively know to be indifferent to the protoplasm. 
However, in spite of these difficulties, some little evi 
to the importance of sodium has accumulated. It has 
through the studies of Loeb,! Lingle,* and especiall 
that the ion is not merely useful in maintaining 
but has a more intimate function. For instance, Over 
that while the contractility of a muscle is soon 


] 
sodium, 


mersion in cane-sugar solutions, a very lit 
normal, in such a sugar solution is sufficient to keep 
muscle responsive to stimulation. 

LOEB Fick's Fests 
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Overton was led to believe that sodium has an essential part in the 
excitation process within the muscle and one that is simulated by 
a single foreign ion, namely, Li. In the range of his observation 
lithium chloride seemed to be quite equivalent to sodium chloride. 
The harmlessness of lithium salts had been remarked in a casual 
way by Loeb some time before. Both Loeb and Overten have called 
attention to the fact that these two ions have about the same mi- 
gration velocity. It seemed desirable to make a further comparison 
between sodium and lithium to ascertain whether the latter does not 
in some respects come short of the native sodium, as affecting the 
performance and length of life of skeletal muscle. 

The two ions are not equivalent for the maintenance of sponta- 
neous rhythm in cardiac tissue, Lingle has shown this conclusively. 
Still, the maintenance of automatic contractions is a different matter 
from the preservation of irritability, and it was this criterion to which 
we looked in our study of striated muscle. Lingle had found —as 
had Howell !— that while lithium cannot be substituted for sodium 
to the exclusion of the latter if the heart is to beat for a long time 
in the mixture, a large part of the sodium may be successfully re- 
placed, and further, that a protracted immersion of the heart strip in 
lithium chloride indeed keeps it quiescent, but does not prevent a 
return of activity when a normal medium takes the place of the 
lithium solution. In other words, it is quite possible that a lithium 
solution may keep cardiac cells in a state of inhibited activity without 
injuring them. 

In each of our experiments two companion muscles of the frog 
were taken for comparison. They were immersed for the same period 
in different solutions, and when subjected to stimulation they were 
made to form links in a common circuit for the passage of the cur- 
rent derived from the induction-coil. It was our intention that 
the stimulation should be supra-maximal, but this condition was not 
always attained. A mechanical device was employed for eliminating 
make-shocks, and the break-shocks were sent in by means of a cog- 
wheel interrupter giving about thirty stimuli per minute. In this 
way we recorded series of contractions from both muscles at once, 
and were thus enabled to judge not only the comparative magnitude 
of the responses immediately after bathing in various solutions but 
the respective endurance of the two muscles. This made our exam- 
ination a much more searching one than it would have been had we 


1 HOWELL: This journal, Igot, vi, p. 181. 
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been content with obtaining a few contractions. The 


comprised 600 twitches or more, and sometimes, when 
muscles at first gave an equal performance, one kept up bette 
the other, and significantly excelled it in the aggregate of work 
Bathing and stimulation were repeated until one or | 
had practically ceased to act. 

The solutions we first compared were a standard Ringer 
for the control, and what may conveniently be called a 
Ringer, lithium chloride being substituted for the sodium chl 
the normal fluid. Freezing-point determinations were 1! 
concentration of the two corresponded closely (—0.50° an 
In each the amount of potassium chlqide was 0.03 per cen 
calcium chloride 0.025 per cent. 

The muscles used were the gastrocnemius and the 
Each has its advantages, —the first in its exemption fr 
dissection, and the second in its thinness, which must be 
to a thorough penetration by the salts. The two always yielded 
concurrent results, 

How free is the exchange of ions between the immers« 
and the medium? ‘The uncertainty upon this point is the 
stacle in all such studies. We were led constantly to m 
protracted experiments, seeking to have the substituti 


D 


as possible, and we could never escape doubts as to « 


Overton has given reasons for believing that the ions 


freely through all parts ol the muscle-substance, but tha 


ments are governed by temporary local conditions, such as 


of the contraction process. If the activity of the muscle 


the diffusion of the ions within it, the procedure in our expe 


was highly favorable to such migration, for the 


pra 
bathing and stimulation should provide the desired c 
other consideration tends to increase our confidence 
We readily confirmed Overton’s observation that 
solution speedily abolishes irritability, and we 

that this is due to the withdrawal of sodium. 

to sugar has not been too long, we can restore 
successfully by returning it to ordinary Ringer or 
placing it in “lithium Ringer.” In the latter c 

the native sodium has been very largely replaced by 

Such an experiment needs only thirty or forty minutes’ bath in su 


and an equal time in the restorative. 
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Other salts than lithium chloride seem to penetrate the muscle so 
rapidly that we are inclined to think that the difficulty is less than 
has been assumed. Certain experiments which we made aside from 
the main course of our work emphasized this. We compared not only 
“sodium Ringer” with “lithium Ringer,” but we also made up mix- 
tures with similar potassium and calcium content in which the place 
of the sodium chloride was taken by ammonium chloride and by 
magnesium chloride. It is probable that all other chlorides are more 


Two muscles were kept thirty minutes in a solution of dextrose plus potassium chloride 


and calcium chloride (percentages as in Ringer). (I) shows the practical failure of 


both muscles to contract when stimulated, -—a failure which Overton has shown not 
to be due to the increased electrical resistance of the tissue. A was then bathed 
The second peri d 


of stimulation (I1) shows a recovery which is quite as marked in 4 as in &. After 
“iithium Ringer” and £# in the 


twenty minutes in “lithium Ringer” and B in “sodium Ringer.” 


thirty minutes longer immersion, 4 being still in 
normal, a third period of stimulation again shows the essential equality of condition 


in the two muscles. 


decidedly toxic than these, yet a muscle kept for an hour in “ mag- 
nesium Ringer” is found to have failed greatly as compared with the 
control in regular “sodium Ringer.” This is more strikingly true of 
The injury which these muscles 


a muscle in ‘ammonium Ringer.” 
betray must be due to the entrance of the foreign ions, the loss of 
Na-ions, or both. But if the exchange takes place so easily in these 
cases, may we not assume that Li-ions really replace Na-ions in our 
prolonged experiments with the bath of ‘“ lithium Ringer”? 

We may now pass to a discussion of our results and of what they 
teach concerning the equivalence of sodium and lithium. As long as 
our experiments did not last more than a few hours, the records ob- 
tained from muscles in lithium solutions were quite equal to those of 


the controls. A superficial view of the tracings indicated that it 
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was immaterial whether Na- or Li-ions were offered, and Overton's 


claim seemed fully confirmed. But we found, even in these shorter 


experiments, that the performance of the two muscles was equal only 


when the stimuli applied were distinctly excessive. With moderate 
stimulation the normal muscle would do far better work 
fellow in “ lithium Ringer.” The substitution of 
in the muscle has not been without a depressing influence uy 
its irritability. 

Longer experiments were resorted to. Pairs of muscles were kept 
in the ice-chest for one, two, and three days. When 
stimulated they showed much more clearly the same fact, 
lithium makes a muscle difficult to excite, but that a strong 
may still produce contractions which are nearly as high 
evoked from the control. 

Finally, we made the following trial. Two mu: 
treated as just described ; after seventy hours the 


Ringer was in good condition, while its compan 


low irritability. This muscle was transferred to “ si 

and after three hours more a concluding trial showed that 
muscle had substantially recovered its excitability, ar 
series of contractions nearly equalled its mate, which had 
the time in the normal solution. 

The evidence seems to warrant the conclusion that 
similar ions, Na and Li, are closely related physiologi 
not equivalent. There is no foreign ion which is so 
noteworthy change in the properties of sl 
when much of the sodium is at last repl 
acteristic fall in irritability. On the othe 
harm scems to result; we may restore the muscl 
treatment, returning Na-ions in place of the 
introduced. 

If we are right when we infer that the 
consists largely at least in a blunting of excitability 
any corresponding loss of latent contractility, 
phenomena seen in the skeletal muscle 
heart. The cardiac cells receiving Li-ions and 
may suffer the same loss of irritability, and become 
the internal stimulus is no longer adequate. Yet 
moval of the lithium may leave the tissue in ex 


its store of energy as available as before. 
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While a distinct difference between lithium and sodium can thus 
be shown to exist, it remains true that the correspondence between 
the two is striking. There is perhaps only one other case in which 
a kation native to the tissues can be replaced with any degree of 
success by another member of the chemical group to which the metal 
belongs. This is the substitution of strontium for calcium which 
Ringer! found to be possible. Various attempts have been made 
to account for the divergent behavior of elements nearly related 
chemically by connecting their physiological properties with sundry 
physico-chemical characters, — atomic weight, valence, ionic velocity, 
decomposition tension, etc. Desirable as it is to systematize the 
properties, we do not feel that progress in that line has yet been very 
satisfying. Between Na- and Li-ions the physiological differences are 
not great. Compared with the contrasts existing between Na- and 
K-ions, they are minimal. Where the physical chemist finds mod- 
erate differences of property the physiologist finds immeasurable 
differences. The findings of the chemist are numerical and com- 
parable, while those of the physiologist are often qualitative and 
incommensurate. 

It should be noted that the harmlessness of lithium chloride as 
demonstrated for skeletal muscle does not obtain for all tissues. It 
is said to be quite poisonous to the alimentary tract,? and its action 
upon nervous structures is probably far from that of sodium chloride. 
More work upon this question is to be hoped for. 

It does not seem profitable to compare our results with those 
obtained from studies of cilia, eggs, and larva. Such forms of pro- 
toplasm as are normally in direct contact with a fortuitous and vary- 
ing medium show in remarkable degree a tolerance for many salts. 
How far this is due to powers of selective absorption and exclusion 
cannot be estimated. Certainly the essentially internal cells of the 
higher animals, with their natural environment of a nearly constant 
character, are far more sensitive to violations of composition in the 
surrounding fluid. 

While we pursued our chief object a secondary question suggested 
itself. If the Li-ion lacks so little of being a perfect substitute for 
the Na-ion, may we not hope that the addition of a small amount of 
some other salt may give a mixture still more closely approximating 
the normal fluid? Our attempts to discover such a mixture have not 

' RINGER: Practitioner, 1883, p. 117. 
‘hird Edition, 1903, p. 499. 


2 CusHNY: Pharmacology, T 
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yet been numerous enough to justify positive assertions. But we 
have been impressed by the favorable character of a solution in which 


the normal sodium chloride is replaced by the chlorides of lithium 


and magnesium in the proportion of four to one. As has been stated, 
magnesium chloride alone is distinctly unfavorable, but when it is 
present with an excess of lithium chloride no trace of its injurious 
effect remains noticeable. On the contrary, muscles kept in this 
compound mixture gave us exceptional records, and on the whole 
surpassed the controls in “lithium Ringer.” But the straight lithium 
mixture is so good a medium that it is hard to demonstrate that the 
other is really an improvement. If we are confirmed in our present 
impression, an interesting example of antitoxic action of salts will be 
added to the list made known by Loeb,' Mathews,” and other workers 
in this field. 

1 Logs: This journal, 1go2, vi, p. 411. 

2 MATHEWS: This journal, 1905, xii, p. 419. 
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PHYSIOLOGICAL AND PHARMACOLOGICAL STUDIES 
OF MAGNESIUM SALTS. — I. GENERAL ANAESTHESIA 
BY SUBCUTANEOUS INJECTIONS. 


By S. J. MELTZER anp JOHN AUER. 


[ From the Rockefeller Institute for Medical Resear 


INTRODUCTION. 


HE salts of sodium, potassium, calcium, and magnesium are the 

chief inorganic compounds present in the tissues and fluids of 
the animal body. As to the réle which these elements might play in 
the manifestations of life phenomena, the first three have been the 
subject of a vast number of studies in experimental physiology; mag- 
nesium, however, received hardly any attention. Wherever calcium is 
found in the body magnesium is also present. Recently calcium has 
received considerable attention. While there is as yet no unanimity 
of opinion concerning the actual part which calcium takes in the ac- 
tivities of the living body, all agree that it is an important factor in 
the mechanisms which are at the bottom of these activities. Should 
magnesium be no active factor in these mechanisms? Should mag- 
nesium, for instance, have no active share in the irritability of nerve 


and muscle tissues ? 


This would be the more surprising since in 
muscle and nerve tissues magnesium is present in larger proportion 
than calcium, and it therefore seems that the affinity of those tissues 
is greater for magnesium than for calcium. This view is strengthened 
by feeding experiments, at least as far as muscle is concerned. When 
animals are fed magnesium compounds, that element is found greatly 
increased in the ash of muscles, while the percentage of magnesium 
in bone is but slightly greater than under a normal diet.!. As nerve 
cells, nerve fibres, and muscle fibres are the most irritable, the most 
active tissues of the body, we should expect magnesium to take some 
essential part in the activities of the body, at least in the specific 
activities of the tissues mentioned. 
1 KOnIG: Zeitschrift fiir Biologie, 1874, x, p. 69. 
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However, the share which magnesium might be tal 
cific manifestations of nerve and muscle tissues nex 
character which increases its specific activities. It is possible 
the presence of magnesium is not at all for the purpose of 
the specific energies of muscle and nerve, of favoring the c 
of muscle fibres, or of facilitating the conductivity of the 
or the receptability and conductivity of nerve cells; on the 
the task of magnesium might be to render assistance in res 
reducing, or inhibiting all the specific energies of these tissues 
certain phase of functional activity the inhibition of a contraction of 
a muscle, or the inhibition of a reflex action, or of a sensation wit! 
a ganglion cell, is an indispensable factor in the prompt working of 
these functions, and these inhibitions require as much vital assistance 
for their development as is required and received by the positive 
energies of these tissues. The diastolic part in the cycle of a heart 
beat; the inhibition of the contraction of the inspiratory muscles in 
the cycle of a respiration; the inhibition of the disturbing activity 
any antagonistic muscle; the inhibition of a disturbing concomit 
reflex; the inhibition of the activity of one sense during the 
perception of another sense, —in these and in many other insti 
the suppression, the inhibition of an activity is an indispensable part 
of a vital function. Is it not possible that the processes of inhibition 
are essentially facilitated by compounds which contain magnesium ? 

This supposition suggested itself to us by an observation which 
one of us (M.) made a few years ago. In studying the effect of intra- 
cerebral injections it was found that magnesium sulphate acted differ 
ently from some of the other inorganic salts. In a paper! read at 


the meeting of the American Physiological Society in December, 1899, 


the effect of an intracerebral injectior of potassium chlorate was de- 


scribed as producing a long series of convulsions, forced movements, 
opisthotonus, etc. The reported proceedings of this meeting contain 
the following passage: ‘‘ The author demonstrated on a rabbit the 
described effects of potassium chlorate, and also on another rabbit, 
the opposite effect of intracerebral injection of magnesium sulphate 

without preceding convulsions the rabbit became paralysed in a short 
time.” From this observation it seemed that the primary effect of 
magnesium upon nerve cells is that of paralysis without any preced 


ing excitation. At that time no comment was made by the author 


1 MELTZER: This journal, 1g00, iii, p. 
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upon the demonstrated phenomenon; it was reserved for a further 
experimental analysis. 


In the past year a number of experimental studies were made by us 
on the effect of magnesium salts upon the activity and irritability of 
the nervous system. The studies brought out some new facts which 
will be reported in several communications. In the present commu- 
nication we shall deal with some effects of subcutaneous injections of 
magnesium salts. We may state at the outset, in a general way, that 
the several series of experiments we have carried on so far with 


P magnesium salts seem indeed to confirm our origina] expectations: 

_ 1. Magnesium exerts a profound effect upon the nervous system- 

re 2. The effect seems to be exclusively of an inhibitory character ; 
t we had so far not a single instance of an increase of excitability 
, brought on by a magnesium salt. 

x However, in describing our several results we shall lay more stress 


upon the facts which our investigations bring to light than upon any 
general theory which our experiments may tend to prove. 


SUBCUTANEOUS INJECTIONS OF MAGNESIUM SALTS. 


As we have already stated above, and as the sub-title indicates, we 


‘il shall report in the present communication the observations made in 
a the series of experiments with subcutaneous injections of magnesium 
Bi salts. Such experiments have been made before. They were under- 


taken, however, from another point of view, and the results which they 
brought out were different from those we are able to communicate. 
In the seventies of the last century many experiments were made with 
subcutaneous injections of small doses of magnesium sulphate. The 
purpose of these experiments was to verify the statements made by 
Luton! and by Vulpian that injections of small doses of that salt pro- 
duce purgation. Recke? reported later that subcutaneous injections 
i, of large doses of magnesium sulphate can be fatal tothe animal. The 
‘yl same was claimed by Hay,’ who stated that death occurs by paralysis 
4 of respiration. Mickwitz‘* claimed that magnesium chloride stops 
the heart before it can affect the respiration. Clessin® also studied 


1 Lutron: Gazette hébdomadaire de médecine et de chirurgie, 1874, xxviii, 
455- 

* RKECKE: Dissertation, Gottingen, 1881. 

8’ Hay: Journal of anatomy and physiology, 1883, xvii, p. 512. 

4 Mickwitz: Dissertation, Dorpat, 1874. 

5 CLESSIN: Dissertation, Wiirzburg, 18go. 
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the toxic effect of chloride of magnesium upon the heart and musc! 
of the frog. 

We employed in all of our experiments comparatively large dos 
of the salts, which gave indeed fatal results in some cases, and whi 
we shall also describe. However, the effect which we have sti 
chiefly, and which was never studied or described before, is the 


i 


duction of anasthesia by these salts. As our protocols will show, 


we obtained complete anzsthesia with subsequent full recovery 


dogs, cats, rabbits, guinea-pigs, white rats, frogs, and fowls. For most 
of our experiments we have employed magnesium sulphate in 25 pet 
cent solution. We have however established by a number of experi 
ments that anzsthesia can also be produced promptly by magnesium 
chloride, and in a few tests we obtained similar results with magne- 
sium bromide. We shall present our results by giving a few selected 


protocols from each series of experiments. 


SUBCUTANEOUS INJECTIONS OF MAGNESIUM SULPHATE IN RABBITs. 


Experiment 1. April. 13.—Gray rabbit, female, 1500 gm., very active and 
restless ; 120 respirations to the minute. 
.17 P.M. Injected subcutaneously into left upper flank 8 c.c. of 


r 


per cent solution of magnesium sulphate. 

Jumps off table, moving about floor in lively fashion, kept there 
-30. Losing interest in surroundings. 
3-40. Remains quietly in centre of room when put there ; when fore 
hop, hind legs are moved clumsily. 
3-50. Practically unable to move ; hind legs weaker than front legs 
.51. Can be placed lying on side; front leg when placed behind « 


3 
remains there. Limbs perfectly flaccid, ears on back, chin on ta 
Limp as a rag when picked up. Probe in nasal cavity provokes only 
moderate resistance ; pinching tail arouses animal somewhat. 

3-59. 68 respirations to the minute. 

4.00. Conjunctival reflex abolished ; is not aroused by a noise close to 
the ears, but withdraws head slightly when probe is inserted into nose. 
Remains in practically the same condition for about two hours. 

6.00. Animal recovered. 


April 14. — Animal lively as ever ; had no diarrhcea. 


This animal received a subcutaneous injection of magnesium sul- 
phate, 1.3 gm. per kilo, and was not massaged. About forty 
minutes after the injection the rabbit was apparently in a state of 
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anzesthesia ; every muscle was perfectly relaxed and the conjunctival 
reflex was gone. After remaining in that state for about two hours 
it recovered completely. 


Experiment 2. May 2.—Gray rabbit, male (201), 1640 gm.; 64 respi 
ae rations to the minute. 

a 3-30 P.M. Received a subcutaneous injection of 10 c.c. of a 25 per cent 
oH solution of magnesium sulphate in right back. About 1 c.c. escaped. 
a Place massaged. 


4.05. Lying on side, unable to get up, front leg kept behind ear, con 
junctival reflex very sluggish. 
4-12. Held up by legs, no struggle, limp as a rag; no conjunctival 
reflex ; no response to pinching tail. 
4.30. Respiration 64 to the minute. Condition unchanged. 
5:00. Got on his feet. 
May 3.— Animal very active. 


This animal received perhaps a little more magnesium sulphate 
than the previous one, and the place of injection was massaged. 
The anzesthesia, which also set in about forty minutes after injection, 
reached here a complete stage, but lasted hardly an hour. 


Experiment 3. May 3.— White rabbit, female, 1420 gm.; 200 respirations 
to the minute. 

4.07. Injected subcutaneously into right flank 12 c.c. of a 25 per cent 
solution of magnesium sulphate ; massaged. 

4.16. Animal sits quietly, weak and shaky when moving. 

4.20. Lying motionless on side, breathing slow and very shallow. 


4.22. Pupils dilated. Often weak kicks of hind legs, perfunctory con- 


vulsions from asphyxia ; artificial respiration instituted. 


426. Heart stopped beating. 


This animal received 2 gm. per kilo, and the place of injection 
was massaged. Muscular weakness developed very rapidly, the 
respiration became very shallow, and fifteen minutes after injection 
complete asphyxia set in, but with only very slight indications of 
convulsions, 


“yg Experiment 4. May 4.— Gray rabbit, female, 1430 gm. (204, survivor from a 
Aa previous subcutaneous injection). 76 respirations to the minute. 

oH 3-53. Injected subcutaneously into left flank 9 c.c. of a 25 per cent 
ae solution of magnesium sulphate ; massaged. 


4.06. Just about able to move ; 128 respirations to the minute. 
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lat on side as pl iced. 
ynjunctival reflex ; animal limp as a rag, 
52 respirations to the minute; ins] 
expiration. 
6.05. Still flaccid, occasional slight movements of 


6.15. Got feet under body. Observation discontinued. Put 


May 5. Animal normal, had no diarrhoea 


This animal received 1.5 gm. magnesium sulphate pe 
was massaged. The anasthesia was most complete; it 
and lasted over two hours. The rabbit survived two injections with- 
out any after effect. 


Experiment 5.— Gray rabbit, male, 17 gm.; 160 respirations t 


2.53. Injected sul 


cutaneously into right 


flank 12 ¢.c. o 
solution of magnesium sulphate. 

3.22. Animal lying limp on back, no resistance when rats 

Animal operated without any other anzesthesia. & 
into trachea, left carotid artery, and left ple 
Operations completed at 4.04. There was no struggle 
no sign of pain throughout the operation 

Until 5.30 tracings of blood pressure and respiration 
the central and peripheral ends of vagus often stimulated wi 
currents (see Figs. 1 and 2). The blood pressure taken al 
utes after the injection of the magnesium salt amounted 
mm. mercury ; one hour later it fell to about 75 mm. Stimulation of 
central end of the left vagus, which produced a strong etfeet upon 
respiration, brought out no sign of pain. The blood 
artery looked dark. although the respiration was good. 

5-30. Trachea clamped: asphyxia brought out convulsions. Aut 
Lively peristalsis of small intestines, which contain liquid material and 
Bladder contains 30 c.c. of urine, which shows a powerful reduct 
Trommer’s test for sugar ; and with sodium hydrate and Lugol’ 


strong odor of iodoform was produced (aceton). 


In this experiment the animal received 1.75 gm. magnesium sul 
phate per kilo. It had a most perfect narcosis in about thirty min 
utes. A very extensive operation and usually painful stimulations 
could be carried on for nearly two hours without any sign of a pain 
reaction. Nevertheless the blood pressure, at least for the first part 
of the experiment, was nearly normal. Judging from the effect of 
stimulation of the central end of the vagus upon the respiration, the 
medulla oblongata was apparently still very sensitive. Had we in- 
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terrupted the experiment and sewed up the wound, the animal prob- 
ably would have survived the injection, operation, and experiment, 


FIGURE 1. — One-half the original size. Blood Ficure 2.— One-half the original 
pressure and respiration tracing from a rabbit size. From the same animal as 
(Experiment 5) seventy-five minutes after re- in Fig. 1, taken sixty minutes later. 
ceiving a subcutaneous injection of magnesium Tracings and lines the same as in 
sulphate, 1.75 gm. per kilo. Blood pressure Fig. 1, with a slower drum. The 
was obtained with a mercury manometer, the respiration curve shows the effect 
fluid within the connecting tube being a mix- of stimulations with induction cur- 
ture of sodium carbonate with hydrated sodium rents of the central end of the cut 
carbonate. The respiration was written by left vagus (250 and 200 mm. dis- 
means of Meltzer’s pleural cannula (see Zeit- tances between the coils). The 
schrift fiir Instrumentenkunde, December, blood pressure curve shows the 
1894). The upper tracing represents the res effect of a stimulation (200 mm. 
piration, upstroke the inspiration; the straight distance) of the peripheral cut end 
line below it marks the atmospheric pressure, of the vagus upon the heart. The 


hes ] 
began to ciot, 


and the space between corresponds to the blood in the cannula 
negative pressure during expiration. ‘The next hence the small excursions. 
wavy tracing represents blood pressure; the 
straight line below it is the O-line for blood 
pressure. The lowest line marks the time in 
two-second intervals for both tracings, which 
were taken simultaneously as they are pre- 


sented in this figure. 


regaining his normal state, —an occurrence we actually observed 
other somewhat similar experiments. 

These few abbreviated protocols illustrate sufficiently the essential 
results which we obtained in the series of experiments with subcuta- 
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neous injections of magnesium sulphate in rabbits. With a certain 
dose of this salt we could obtain a complete anzsthesia lasting as 
long as two hours and even longer, from which the animals recovered 
without any perceptible after-effect. During this state of anasthesia 
any operation could be performed and nerves stimulated withou 
causing any pain or waking the animal. The muscles are completely 
relaxed. We may add here that direct and indirect stimulations of 
the muscles brought out prompt reactions. In some experiments the 
abdomen was opened during the anesthesia without there being the 
slightest attempt to press the intestines out of the cavity. The con- 
junctival reflex was completely abolished; a probe in the nose would 
be tolerated without any reaction. (In this connection we have, 
however, to mention an instructive observation. Even when the 
animal was under such deep anesthesia as not to react to the pres- 
ence of a probe in the nose, the application of ether to the nose would 
stop the respiration immediately, producing passive expiration, or, in 
other words, ether would inhibit the inspiratory contractions.) The 
respirations were usually reduced in number. The blood pressure 
was not much below the normal. 

The dose of magnesium sulphate which causes complete anaes 
thesia lies between 1.75 and 1.25 gm. per kilo for the rabbit. <A 
dose above 1.75 per kilo is usually fatal for the animal, and if the 


place of injection is massaged the fatal issue develops quite rapidly 


The animal becomes paralyzed within a few minutes, and respiration 
ceases before the heart stops; at this stage artificial respiration does 
not save the animal, as the large dose of magnesium apparently 
affects also the blood pressure and heart beats, though in a lesser 
degree. We have lost two animals with only 1.75 gm. per kilo after 
an energetic massage of the injected area. 

A dose of 1.25 per kilo is about the lower limit. Sometimes even 
a smaller dose will produce an apparently satisfactory anesthesia and 
permit an operation, but then stimulation of a sensory nerve would 
rouse the animal. 

The motor impairment seems to precede the anesthetic influence ; 
when small doses were given, the animal would be unwilling to move 
around, while the reflexes would still act perfectly. 

No anesthetic dose interfered with the reaction of the pupil to 
light. A fatal dose would soon cause a dilation of the pupil. 

Intramuscular injections. —We did not make numerous intramuscu- 
lar injections with any of the magnesium salts. We believe, however, 
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au that we are justified in making the following brief general statement. 
af The effect of an intramuscular injection of magnesium salts is some- 


what superior to that of a subcutaneous one, but is by far inferior to 
the effect of an intravenous application.! 

Furthermore, the intramuscular injection of these (concentrated ) 
salt solutions seemed to favor incidentally the development of ab- 
scesses. Whereas in the subcutaneous injections in rabbits we never 
had an abscess, sloughing abscesses developed now and then after 
injections into the muscles. We have to add, however, that the 
solutions used were not sterilized. 


MAGNESIUM CHLORIDE IN RABBITS. 


In order to prove that the anesthetic effect which we obtained 


ye with subcutaneous injections of magnesium sulphate was due to the 
a magnesium-ion of that salt, we have tested the effect of magnesium 


chloride after subcutaneous injection. In order to have about the same 
molecular concentration as the sulphate salt, we used a 19 per cent 


solution of magnesium chloride — about 2 mM. The few experiments 


a if we have made, proved beyond doubt that magnesium chloride also 
Aik exerts a profound anesthetic effect after subcutaneous injection. 
{ With this salt we have not tried to reach the maximum limit; on the 
oh contrary, the doses we have used were rarely above 1.0 gm. per 


kilo, which is about equimolecular with 1.3 gm. of magnesium sul- 


phate, — the latter dose being about the minimum limit for that salt. 
We will illustrate our experience with one protocol. 


Experiment 6. May 9. — Gray rabbit, female, 1100 gm. ; respirations about 
go to the minute, 


3-40. Injected subcutaneously into right flank 5.5 c.c of a 19 per 


cent solution of magnesium chloride; massaged. 

4.06. Animal unable to move; front leg placed behind ear, stays 
there. 

Animal operated; no resistance and no sign of pain. Cannulz into 
trachea, left carotid artery, and left pleural cavity. Left vagus cut. Blood 
in carotid artery bright red. Operation finished at 4.40. Graphic record 
of the blood pressure and respirations obtained, and central end of vagus 
stimulated. (See Fig. 3.) 

5-15. Abdomen opened ; animal shows no pain, no attempt to press 


out the intestines from the cavity. No peristalsis of small intestines, 


1 MELTZER and Aver: Journal of experimental medicine, 1905, vii, p. 59. 
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which contain liquid and gas. 
tion of I 


contan 


This rabbit received only I 
animal. About thirty minutes 
ated, and nerves were stimulated with- 
out any struggle and without any 
of pain, At the same time respira 
was good, blood bright red, and bloo 
pressure nearly normal, No anaesthesia 
could be deeper and more harmless at 


the same time. 


SUBCUTANEOUS INJECTIONS OF MAGNE- 


SIUM SULPHATE IN CATS. 


In a general way our experience with 
rabbits holds cood for ( 


certain dose of the sa 


7 
i 


t will 
anesthesia with recovery, 
anzsthesia produced by a 
terminates earlier or later in 
the animal. There are, howe 
differences between the behavi 
two species towards the 
injection of magnesium salts. 
first place, the zone of the ana 
ing non-fatal dose of the salt 


he anesthesia brou y 


stance, t 
terminates fatally, while that 


unsatisfactory. Only 


produced a satisfa 


completely. 
difference at ire very sensitive 


magnesium salts. Furthermore, 


brings on in cats, is mostly preceded 


zsthesia, at the beginning of which the 


7 
be excellent; but the anasthesia gradua 


becomes more and more slow and sh illow 


any sign of asphyctic convulsions. ‘The 


1 still bor t red \nimal | | I 
@mmm)s about 10 c.c. of urine; no reduction with Trom t 
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sets in much later than in rabbits. The following few protocols will 
illustrate these statements: 


: Experiment 7. May 19. — Yellow cat, male, 3820 gm. 
; 3-40 P. M. Injected subcutaneously into left flank 15 c.c. of a 25 per 
: cent solution of magnesium sulphate. 

ee 3.45. Respirations 64 to the minute. 

a8 4-45. Respirations 128 to the minute, deeper than before ( ? ), salivated, 


Ma staggers in cage. 
i 4-55. Lying on the floor on one side with relaxed extended extremi- 


ties ; conjunctival reflex present; stepping on tail causes no reaction. 


r 


5.25. Lying on the same spot and in the same manner as before ; 40 


respirations to the minute, moderately deep ; conjunctival reflex present ; 


stepping on tail —no reaction; on inserting probe in nose, moves head 
slightly. 


6.00. Respirations 28 to the minute, fairly deep ; otherwise no change. 


pak: 6.22. Nochange. Observation discontinued. 
a Next day found dead in the same position as left on the previous 


evening. 


This animal had only 1.0 gm. per kilo of the magnesium salt. In 
this animal, as well as in animals which received larger doses, the 
is anzesthesia did not set in until about one hour after injection. Then 
the anesthesia became profound, lasted long, and terminated finally 
in death. It is noteworthy that in cats the conjunctival reflex was 
never fully abolished even when the anesthesia was so deep that no 
response was produced by stepping heavily on the tail, cutting the 
peritoneum, or stimulating sensory nerves. 


? 


May 23. — Male cat, 3330 gm. 


Experiment 8. 


3-09 P. M. Injected subcutaneously into left side 10.6 c.c. of a 25 per 


rt cent solution of magnesium sulphate, moderately massaged. 

mn 1.45. Staggers slightly when walking, which is done in crouching 
fashion. 

if 5.00. No change; but can be stretched out on board without strug- 
i. gling ; not operated. Survived. 


Experiment 9. May 26.—Same cat used in last experiment; weighs now 
3050 gm. (Lost about 1o per cent of his weight in three days.) 


2.45 P. M. Injected subcutaneously in side 11 c.c. of a 25 per cent so- 


yy lution of magnesium sulphate. 

ati 3.15. Can still move, but with incoordination and marked weakness. 


Placed on back and nails clipped without resistance. 
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3.45. Tied on board, femoral art 
crural nerve handled, tail pinched : 


ments of body now and then. Blood pressure 


4.05. Finished taking blood pressure 
sign of pain. Taken from board and 
crouching position to a corner. 

May 27. Animal survived. No. diarrhoea 


Seems well. Did not lose weight within the next 


three days. 


The animal used in the last two experiments 
was only moderately affected by a dose of 0.8 gm. 
per kilo (Experiment 8). But with a dose of 
0.9 gm. per kilo (-xperiment 9) the animal was 
in a satisfactory state of anawsthesia. It could 


be operated without any sign of pain. The 


1, the blood bright 


blood pressure was fairly hig 
red, and the animal survived without suffering 
any after effects. 
It is noteworthy that in cats the anesthesia 
set in before the abolition of all voluntary and 
reflex movements. 
Some of the cats vomited at the onset of 
the anesthesia. Salivation was not frequent. 
The urine of the cats which received magnesium 
sulphate reduced copper sulphate. 
Magnesium chloride produced in cats about 
the same effect as the sulphate. In two young cats doses of 1 
1.2 gm. per kilo produced only slight effects. 
No abscesses were produced in cats by subcutaneous in} 


the magnesium salts. ° 


INJECTIONS OF MAGNESIUM SALTS IN Docs 


These experiments have demonstrated that this species of animal 
can also be completely anaesthetized by injections of magne 
salts. In this series we had, however, to contend with some dit 
culties. In the first place we had to deal with large animals 
which, in consequence, required large quantities for the pro 


tion of anzsthesia. In the second place the absorption trom 
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subcutaneous tissues of these animals seemed to be distinctly inferior 
to that of rabbits and cats. Even after considerable massage of the 
injected place a bulky mass would often remain for hours and even 
for days and would frequently lead to an extensive abscess. An in- 
jection of 1.5 gm. of magnesium sulphate per kilo never led to any 
satisfactory anesthesia. A dose of 2 gm. per kilo or a little more 
would, after some time, anzsthetize the animal, but then the anzs- 
thesia would gradually become very profound and lead finally to 
death. In fact, of all the experiments in which the dogs received 
subcutaneously into one place an effective dose of magnesium salts, 
no animal survived the prolonged, deep anaesthesia into which it 
gradually passed. The animal would remain for many hours on the 
same spot and in the same position, and the death was never marked 
by any struggle. One dog, which received subcutaneously into one 
place 2 gm. of magnesium sulphate per kilo, and which possibly had 
a chance of recovery, was utilized for another experimental purpose.! 

We had more satisfactory results when the injection was distrib- 
uted in two places,” or when the injection was given intramuscu- 
larly. For the dog it was quite evident that the absorption from the 
muscles was better than from the subcutaneous issue. 


The following experiments are good illustrations: 


Experiment 10.— Male dog, 9300 gm. 


.30 P.M. Injected 65.1 c.c. of a 25 per cent solution of magnesium 


sulphate, one-half into the muscles of left back and the other half subcu- 


taneously into right side ; massaged. 


Dog flaccid, cannot move, lies on side ; stepping on tail 


response. Lid reflex still active. 
Stretched on board, head not fixed, femoral artery exposed and blood 
pressure tracing obtained (see Fig. 5).. No sign of pain and no move 


ments whatsoever. Wound sewed up and &nimal put on floor. 


4:15. Dog lies in same position; anzsthesia deeper than ever. No 
lid reflex. 

Next day, dog survived; passed neither urine nor feces. Five days 
later had lost nearly one kilo in weight; otherwise apparently normal. 
Used for another experiment. 


} 


' That dog, while in profound anesthesia, received a fatal dose of 


for the purpose of studying the condition of his muscles. 
promptly with strong convulsions. 


* MELTZER: Journal of experimental medicine, 1900-1901, V, p. 643. 
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Experiment 11. — Male dog 


.55- Injected 61 c.c. of 


subcutaneously into two separat l ou 
3.04. On attempting 


move tumbles down n 
heap 

3-30. Dog plac ed on 
board, femoral artery ex 
posed, cannula inserted ; no 
sign of pain during operation. 
Blood pressure taken.  Fre- 
quent slight motions of the 
animal, each motion causing 
a short rise of blood pres 
sure (see Fig.6). Abdomen 
opened, no sign of pain 


Scraping of the parietal peri- 
toneum is resented by move-! 


ments of the animal; but no definite struggle. \nimal kill 


Each animal in the two experiments received | 


In Experiment 10 one-half was given intramuscularly, whereas in 


nt 


Experiment 11 the entire amount was given subcutaneously but 
separate places. Hoth were in sati 


Mom, 


factory states of anawsthesia. How- 


ever, the differences between the 


degrees of anasthesia in the two 
animals are striking. The anesthe 
sia in the animal of Experiment 10 
FIGURE 6. One-half the original size. — (Partly intramusc ular) was already 
Blood pressure tracing from dog (Ex absolutely satislactory during 


the 
periment 11) fifty minutes after receiv operation and the taking of the blood 
ing 1.75 gm. magnesium sulphate per kilo 

Pe pressure tracings, but later it be 
subcutaneously in two different places ; 
Curve and lines as in Fig. 4, time line CAMC still more profound ; wherea 


above base line. Elevations on blood the anazsthesia of the animal of 


*ssure orrespond e ° } 
pressare curve corresponc move Experiment 11 was not profound 


ments of the animal. 
enough during the taking of the 


tracing and it soon began to show signs of waking up. The dif 
ference finds its clear expression in the blood pressure tracing 
obtained from the two animals. The tracing from the animal of 


Experiment 11 is frequently interrupted by considerable clevations 
brought on by the motions of the animal; while that from the animal 


8750 em. 
ressur tra fr Ex} t 
ty m ites af I 6 t t 
1.75 gm, magnesium ( 
half of t uantity was give t 
ind t ibcuta \ 
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of Experiment 10 runs as evenly as if the animal were also under 
the influence of curare. 


The blood pressure of all dogs which were under anzsthesia from 
the magnesium salts was comparatively low — under 100 mm. mer- 
cury. This apparently did not interfere with the final recovery of the 
animals. Neither did it seem to be connected with the depth of the 
anzsthesia, since the blood pressure of dogs with light anzsthesia 


was also comparatively low. 

Nearly all dogs which received magnesium sulphate vomited at 
least once and in most cases a few times; the first vomiting occurred 
soon after the injection. This happened even when the general 
effect was slight. 

Dogs which received magnesium chloride did not vomit. 

In nearly all cases the injection of magnesium sulphate produced 
no pain. The injection of magnesium chloride seemed to be slightly 
painful. 

Nearly all the injections in dogs produced abscesses, but the solu- 
tions used were not sterilized. 

In’ dogs also, as we have seen above in cats, a satisfactory anaws- 
thesia was fully developed before complete muscular relaxation was 
attained. Furthermore, a complete abolition of pain was doubtlessly 
present before the conjunctival reflex was entirely gone. 


INJECTION OF MAGNESIUM SULPHATE IN GUINEA-PIGS. 


A dose of 1.8 gm. per kilo produced in these animals deep anzs- 
thesia after fifteen minutes; but with this dose death followed about 
fifteen minutes later. A dose of 0.8 gm. per kilo only quieted the 
animal. Doses between 1.0 and 1.25 gm. per kilo caused more or 
less complete anzsthesia followed, as a rule, by complete recovery. 
However, some individual disposition of the animal seems to have 
something to do with the degree of the effect. The following proto- 
cols will serve as illustrations: 


Experiment 12a.— Red guinea-pig, 480 gm. 


3-27. Injected 2 c.c. of a 25 per cent solution of magnesium sulphate 


4 (about 1.0 gm. per kilo) subcutaneously into right flank. 

nt 4-30. Remains on side when placed there ; conjunctival reflex slight. 
2 aa 5.00. Able again to get legs under him; can still be held up by a leg 
a with only slight movements of legs and head. 

aM 5.30. Resists vigorously being placed on back or side ; conjunctival 


at: reflex active. Complete recovery. 


| 
5 
j 
| 
| 
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Experiment 126.— Same guinea-pig eight days later, weig 
2.55- Injected subcutaneously, left flank, 2 
tion of magnesium sulphate (1.1 gm. per kil 
3.20. Can be placed on side to stay ; st 
up by one leg ; conjunctival reflex slight. 
3.44. Continued to lie on back, completely 
practically absent. 
3-57. Turned over on belly and moved about. Complete recove 
Was used two days later for a similar experiment with an identical r 
Experiment 18a. — Black guinea-pig, 595 gm. 
2.37. Injected subcutaneously, right flank, . 
tion of magnesium sulphate (1.25 per kilo 
4.30. Turns on belly when placed on side ; conjunctival reflex active. 
Five minutes later remains lying on side. 
5-00. Still stays on back as placed ; slight movements of head and legs 
when held up by legs. 


5.30. Resists being placed on back. Com] 


) 


lete recovery. 


Experiment 130. Same animal (black) eight days later ; weighs now 649 gm. 


2.58. Injected subcutaneously, right flank, 3 c.c. of a 25 per cent solu 
tion of magnesium sulphate (1.2 per kilo) ; massaged. 

3.20. Resists vigorously being plac ed on side. 

3-44. Can be placed on back, but turns on belly 
reflex active. 
4-45. Resists attempts to be placed on side. 


Animal was practically never in a distinct anzesthetic state. 


The red guinea-pig of Experiment 12 was completely anzsthetized 
three times with doses not above 1.1 gm. per kilo; whereas the 
black animal of Experiment 13 already showed a greater resistance 
in the first experiment with a dose of 1.25 gm. and was practically 
not anzsthetized by a dose of 1.2 gm. per kilo. 

We have to bear in mind, however, that in guinea-pigs we cannot 
always be sure that a subcutaneous injection was not partly intramus- 
cular, and hence the variations in the effects with the same doses. 

The anesthetic effect as a rule set in late, often as late as an hour 
after the injection, and did not last very long. When the effect took 
place early, the anesthesia usually had a fatal termination. No in- 
tramuscular injections and no magnesium chloride was tried on 
guinea-pigs. 

In no case did the subcutaneous injection of magnesium sulphate 
produce any diarrhoea, 


No abscesses developed in guinea-pigs. 
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INJECTIONS IN WHITE Rats. 


Only magnesium sulphate was tested and only by subcutaneous 
injections. 


A dose of 1.25 gm. per kilo had very little effect. 1.50 gm. per 

kilo had a somewhat better effect and never produced death, but the 
« 

anzesthesia was far from being complete. Doses of 1.75 gm. per kilo 


produced complete anesthesia ten to fifteen minutes after injection ; 
but in five such experiments only two rats survived the deep narcosis; 
in three animals, the anzsthesia terminated in death half an hour 
after injection. 


Experiment 14.— White rat (red mark on head), 196 gm. 
3-20. Injected subcutaneously, left side, 1.2 c.c. of a 25 per cent solu- 
tion of magnesium sulphate (175 gm. per kilo) ; massaged. 
3-38. Can be placed on back or side to stay; conjunctival reflex 
absent ; no response to pinching tail. 
3.50. Respirations labored, slow. 
$15. Turned on his belly, crawling around. Recovered. 
Experiment 15. --- White rat (blue mark on head), 235 gm. 
3-24. Injected subcutaneously, left side, 1.6 c.c. of a 25 per cent solu- 
tion of magnesium sulphate (1.75 gm. per kilo); massaged. 
3-38. Can be placed on back to stay ; no response on pinching tail ; 
conjunctival reflex absent. 
3-50. Dead; a few moments before heart beats could be distinctly 
felt, while the respiration had already stopped. 
No abscesses developed in the surviving animals, 
No diarrhoea followed any injection. 


INJECTIONS OF MAGNESIUM SALTS IN FROGS. 


A dose of 1 c.c. of a 25 per cent solution of magnesium sulphate or 
of 19 percent magnesium chloride injected into one of the lymph sacs 
of a medium-sized frog will cause complete paralysis of the animal 
within half an hour after the injection, from which it does not re- 
cover. The respirations become gradually slower and shallower until 
they stop entirely. About that time all voluntary and reflex move- 
ments completely disappear. The heart beats, which also become 
slower soon after the injection, stop entirely about two or three hours 
later. The above dose, with which we started our experiments, is a 
very large one; we hardly were aware that it amounted to about 8 
gm. per kilo frog! Doses of 1.5 to 2.0 gm. per kilo frog can produce 
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a complete immobility from which the animal can fully recover 


sooner or later. The following experiments will serve as illustrations: 


Experiment 16. Frog, 37 gm. 
2.30. Injected into ventral lymph sac 0.25 c.c. of a 25 per cent solu 
tion of magnesium sulphate (1.5 gm. per kilo). 
3.00. Frog lying flat on back as placed; does not move away when 
pushed ; hangs flaccid when lifted by leg. No corneal reflex. 
5-00. Turns over actively when placed on back ; jumps when pushed. 
Next day seems perfectly normal. 
Experiment 17.— Frog, 24 gm.; 80 respirations to the minute. 
4.00. Injected into dorsal lymph sac o.19g c.c. of a 25 per cent solution 


of magnesium sulphate (2.0 gm. per kilo). 

4.20. Unable to turn over when on back. 

4-35. Flaccid, when raised by leg; no struggle. 

5:00. Legs extended, flaccid; 60 respirations to the minute 
shallow. 


Next day recovered and normal. 


SUBCUTANEOUS INJECTIONS OF MAGNESIUM SULPHATE IN Fowl Ls. 


We made only a few experiments on fowls for the purpose of bring- 
ing out the chief point of our contention. Since, however, no exper- 
iments were ever made, at least as far as we know, with injections of 
magnesium salts into fowls, we may be permitted to reproduce here 
all the protocols of these few experiments. 


Experiment 18. — Rooster, 


solu 
tion of magnesium sulphate (1.5 gm. per kilo). Animal responds to each 
touch with a remonstrating cackle. 


2.54. Injected subcutaneously, left side, 13.4 c.c. of a 25 per cent 


3.10. Sits on floor; beak touching floor; quiet ; 
cackling. 

3-19. Can be placed on back to stay ; respiration slow and labored ; 
touch on cornea does not produce the familiar rapid contraction of the 
third lid. 

3.50. In a deep state of anesthesia; ether applied to nares does not 
inhibit respiration. 

4.20. Clear thin fluid coming from the beak ; a large amount of clear 
fluid issues from the cloaca. 


4.45. Death. No prec eding struggle. 
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Experiment 19a. — Pigeon, 280 gm. 

2.50. Injected subcutaneously, right side, 1.7 c.c. of a 25 per cent solu 
tion of magnesium sulphate (1.5 gm. per kilo). 

(Skin very thin, tore, some of the salt escaped. ) 

3-06. Pigeon still stands erect; no change. 

3-10. Seems a trifle unsteady on legs. 

3-19. Crouches now. 

3-30. Cannot be placed on back ; struggles to regain position. 

3-38. Can be placed on back to stay; touch of cornea causes twitch 

lid. 

3-50. Deep anesthesia. Ether does not stop respiration. 

3-54. Turned over from position on back. 

4-48. Attempts to fly. 

Next day perfectly well. 

Experiment 196. Same pigeon two days later; lost weight, 258 gm. ; other- 
wise apparently well. 

5-02. Injected subcutaneously, left side upper chest, 1.0 c.c. of a 2 
per cent solution of magnesium sulphate (1.00 gm. per kilo) ; no mishap. 
Until 6.10 pigeon standing erect, no sign of weakness. Injection had no 
effect. 

Experiment 19c. — Same pigeon four days later; about same weight — 260 gm. 

3-05. Injected partly intramuscularly, upper right. chest, 1.6 c.c. of a 25 
per cent solution of magnesium sulphate (1.5 gm. per kilo). 

3.30. Lying on side; no lid reflex; respiration slow and labored ; 
placed on back to stay. 

4.00. Still on back, can be raised by one leg, but wings do not hang down. 

4.10. Flopped over on legs, but, unable to stand, rests on table, bill 
touching it. 

4.30. Lying on side, bill touching table. ‘Tossed into air, made inef- 
fectual attempts to fly. Seems to wake up more ; can no longer be placed 
on back, slight lid reflex. 

5-35- Sitting, but legs do not seem to be able to bear weight of body. 

Next day normal. 

Experiment 20a. Chicken, 1590 gm. 
4.58. Injected subcutaneously, left chest, 6.4 c.c. of a 25 per cent solu- 
tion of magnesium sulphate (1.0 gm. per kilo). 
5.35. Can no longer stand ; sits ; can be placed on side. 
5.50. No change; large amount of fluid passed from cloaca. 

6.10. Again a good deal of fluid passed from cloaca. Otherwise no 
change. 

Next day normal. Had henceforth loose stools. 

Experiment 20b.— Same chicken ; lost weight, now 1548 gm. 

3.02. Injected subcutaneously, right chest, 9.3 c.c. of a 25 per cent solu- 

tion of magnesium sulphate (1.5 gm. per kilo). 
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Drowsy ; prefers to squat with eyes closed. 
. Squatting on table ; passed a good deal of clear fluid from cloaca. 
Again passed a good amount of fluid. Can now be placed on 
side to stay; beak on floor. 
4.30. No change ; lid reflex active. 
Can still be placed on back, but turns over after short time. 
Next day apparently well. 


These experiments on fowls have demonstrated that about 1.0 gm. 
of magnesium sulphate per kilo had either no effect, as in the pigeon, 
or very little effect, as in the chicken; and further that 1.5 gm. per 
kilo might produce a moderate anzsthetic effect, as in the chicken, or 
a profound anesthesia with perfect recovery, as in the pigeon (partly 
intramuscular), or a profound anzsthesia with a fatal termination, as 
in the rooster. 

In other words, magnesium sulphate can produce a_ profound 
anzesthesia, leading either to perfect recovery or todeath, without any 
symptoms of excitation. 


SUMMARY. 


We shall now briefly recapitulate our results. In the different 
species of animals with which we have experimented, rabbits, cats, 
dogs, guinea-pigs, white rats, frogs, and fowls, we found without any 
exception : 

1. That a certain dose of magnesium sulphate will produce a deep, 
often long lasting anesthesia with complete relaxation of all th 
untary muscles and abolition of some of the less tmportant i 
ities, which anesthesia terminates in perfect recovery. 

2. Thata large dose of magnesium salt will produc 
an@sthesta and general paralysis which leads sooner or later 
death without being preceded or accompanied by any symptoms of 
excitation. Furthermore, in all of the many experiments we have 
made with magnesium sulphate, wot a single instance was observed in 
which that salt produced an increase of excitation ; on the contrary, 
any effect which this salt produced was invartably in the direction of a 
reduction of excitation or of its complete temporary or permanent 
abolition. 

The same was true also of magnesium chloride in the instances in 
which it was tested. 


= 
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With the exception of cats, for all animals a dose of 1.0 gm. of 
magnesium sulphate per kilo or less had very little effect; a dose of a 
little over 2 gm. per kilo brought on a fatal anzsthesia. The 
doses lying between 1 and 2 gm. per kilo animal were the ones 
which produced more or less complete anzsthesia with recovery. 
In one species of animal the anesthetic dose lay nearer the I gm. 
per kilo, and in another species it was nearer the 2 gm. per kilo 
limit. In general it can be stated that for nearly all animals the dose 
of magnesium sulphate which can produce anzsthesia with recovery 
by subcutaneous injection is 1.5 gm. per kilo animal. 

Fer cats it was found that 0.9 per kilo was about the anesthetic 
dose for an adult animal. Doses of magnesium sulphate below 0.9 
per kilo produced but little effect, and the anzsthesia following a 
larger dose had a fatal termination. Younger animals seemed to 
stand a larger dose 

Intramuscular injections, or the injections of divided doses into 
several places, have favored in some instances the onset of the 
anesthetic effect. 

We have to mention here that the impression we gained from all 
experiments was that the animals which urinated frequently had a 
better chance for recovery. Early urination seemed also to prevent 
the full development of anzsthesia. Furthermore it seemed that 
magnesium sulpeate after subcutaneous injection acted as a diuretic. 
Urination probably carried off some of the salt and prevented its fatal 
accumulation in the blood. 

In cats and especially in dogs the injection of magnesium sulphate 
produced in many instances vomiting or retching. This occurred 
long before the onset of anzesthesia, and in some instances even when 
no anzsthesia followed. In the experiments with magnesium chlo- 
ride no vomiting was observed. 

Except in the one chicken we have never seen that the subcu- 
taneous injection of magnesium sulphate ever led to an immediate or 
late appearance of diarrhoea, or even simply to more frequent stools. 
In two or three instances in which the abdomen was opened during 
the experiment or immediately upon its termination there was some 
fluid and gas present in the gut, but especially in the small intestines. 
This observation deserves attention with regard to the older and 
recently renewed claims that subcutaneous injections of magnesium 
sulphate act as a purgative. 

Subcutaneous injection of a 25 per cent solution of magnesium 
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sulphate seemed to produce hardly any pain in the animals.’ Mag 
nesium chloride solutions (19 per cent) seemed to be more irritating 

The subcutaneous injection of large quantities of the salt solutions 
produced abscesses in dogs which healed promptly. In these experi- 
ments, as already stated above, no aseptic precautions were taken. 
In the many injections given to rabbits (with one or two exceptions after 
intramuscular injection), guinea-pigs, white rats, fowls, and even cats, 
abscesses were very rarely observed. It remains to be seen in future 
studies whether by sterilization and asepsis such abscesses can be 
avoided. 

We may in this connection perhaps be permitted to add that the 
exclusive object of this study was to establish the essential principle, 
namely, that magnesium salts possess strong anzsthetic powers. The 
practical application of this new principle was not taken into consid 
eration during the present study. 

The fatal effect of the magnesium salts was produced in the first 
place by paralysis of respiration. It became slower and somewhat 
labored and with active expirations even in the non-fatal states of 
anesthesia. In the fatal anzsthesias the respiration gradually 
became very slow and very shallow, until finally it stopped entirely. 
The heart usually continued beating for a while after the cessation of 
respiration. The institution of artificial respiration at this stage, 
however, never resuscitated the animal. 

In rabbits and cats the blood pressure during the anzsthesia was 
very little depressed. In dogsit appeared to be considerably lowered. 
However, it did not prevent prompt recovery. 

It deserves to be mentioned especially that in rabbits, even during 
deepest anzsthesia by magnesium salts, the application of ether to 
the nose inhibited the inspiration immediately. In anaesthesia by 
ether or chloroform this occurs only at the beginning, but not when 
the animal is already fairly under the influence of the anzsthetic. 
We shall for the present not enter into a full discussion of the inter 
pretation we are inclined to give to this phenomenon. We shall only 
remind that the stoppage of respiration by ether, etc., is generally 
considered as an act of reflex inhibition of inspiration by means of 
stimulation of the peripheral ends of the second branch of the tri- 
geminus. We shall then state our observation in the following 


1 One of us received twice, subcutaneous injections of sma 
1.5 c.c.) of the 25 per cent solution of magnesium sulphate. 


cally no pain or irritation worth mentioning 


rOoauct pra 
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words: Magnesium salt, which reduces or temporarily abolishes 
(inhibits) many reflex acts, does not interfere with the trigeminal 
reflex-inhibition of respiration. 

Finally, in cats and also in dogs a state of deep anzsthesia, absence 
of pain sensation, and complete muscular relaxation can be fully 
developed before the stage of complete abolition of the conjunctival 
reflex is reached. The latter stage, especially in cats, seems to 
border on the danger line. Furthermore, in these animals the stage 
of complete anzsthesia (absence of the sensation of pain) seems to 
be reached before there is a complete abolition of all voluntary move- 
ments. These animals could be operated upon without any sign of 
pain or resistance while they were still able to move about somewhat. 
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A STUDY OF THE METABOLISM IN OSTEOMALACIA 


By J. E. GOLDTHWAIT, C. F. PAINTER, .. B. OSGOOD Anb 
F. H. MCCRUDDEN. 


| From he Laboratory of Physiol 


gi 


te several years the authors have been making a study of the 


metabolism in certain bone diseases. Opportunity was recently 
offered to study osteomalacia in a woman sixteen years old, who had 
been crippled for several years as the result of this disease 
Two experiments were carried out; the first lasted eight days, the 
second fourteen days. After the first experiment the ovaries of the 
patient were removed as a therapeutic measure. The second exper! 
ment was performed a few months later, and serves to show the effect 
of castration on metabolism. 


MeEtTHOoD.2 


In each experiment the urine was analyzed every day. The food 


and faces were analyzed for the whole period. In the first experiment 


the metabolism of calcium, magnesium, phosphorus, sulp! 


} 


ana 
nitrogen was studied; in the second experiment only that of nitrogen 
sulphur, and calcium oxide. 

The patient fasted from noon of the day before the experiment 
began until the following morning. Half an hour before brea! 
fast of this morning the patient was given a mixture consisting 
of 10 gm. charcoal, 10 gm. acacia, and 60 c.c. peppermint water in 
order to separate the stools belonging to the experimental period. Tt 
experiment was ended by the patient fasting from noon on the last 


1 A part of the expenses of this research were contributed by the Proctor 
2 The details of the methods used will be found more fully di 

papers. See GOLDTHWAIT, PAINTER, and OsGoop: Amer 

vii, pp. 547 and 5g0. Also F. McCruUDDEN: Journal of mec 

ix, p. 135; Berichte der 5ten internationalen Kongressen fur 

Berlin, 1903, iv, p. 256. 
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day of the experiment until the following morning, and the charcoal 
mixture was given on this morning as before. The faeces were saved 
from the time when they first appeared black at the beginning of 
the experiment until they first appeared black at the end of the 
experiment. 

Urine. — The urine was collected from 8 A.M. to8 A.M. The twenty- 
four hours’ quantity was made up to 1000 c.c. and an aliquot part 
taken for analysis. The analyses were made in duplicate. 

Nitrogen was determined by the Kjeldahl] method (5 c.c. urine, 
25 c.c. concentrated sulphuric acid, 5 c.c. copper sulphate, 10 gm. 
potassium sulphate). 

The phosphorus was determined by a gravimetric modification of 
the method of Neumann.' Instead of determining the phosphorus in 
the phosphomolybdate precipitate volumetrically, it was determined 
in the usual gravimetric way by redissolving the phosphomolybdate 
with ammonia, and precipitating with magnesium mixture. 

The calcium was determined by the method given on page 746 
of Neubauer and Vogel’s book on urine analysis.2 This method 
has been found to give very good results when compared even 
with such an accurate method as that of Richards, McCaffrey, and 
Bisbee.? 

The determination of magnesium was carried out by the method 
given in Neubauer and Vogel’s book on page 748. 

The sulphur was determined by a method used in this laboratory. 
50 c.c. of urine was evaporated to dryness in a nickel crucible after 
addition of sodium peroxide. The residue was moistened with water, 
a little more sodium peroxide added, and the mixture again evaporated 
to dryness. This was repeated a few times, and then the sodium per- 
oxide was brought to quiet fusion for a few moments. When the 
mixture was completely oxidized, it was allowed to cool, and then dis- 
solved in water containing a little bromine. After acidification with 
hydrochloric acid the sulphuric acid was precipitated and weighed as 
barium sulphate in the usual manner. 

Food. — The patient was allowed to eat what she wanted, except 
that non-homogeneous food was excluded. 

Liquid food was mixed as thoroughly as possible, a certain volume 

1 NEUMANN: Zeitschrift fiir physiologische Chemie, 1902, xxxvii, p. 115. 

2 NEUBAUER and VOGEL: Analyse des Harns, Wiesbaden, 1808. 

8 RICHARDS, MCCAFFREY, and BISBEE: Proceedings of the American Acad 


emy of Arts and Sciences, 1901, xxxvi, p. 377. 
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given to the patient, and the same volume taken for analysis 

food was mixed by cutting into small pieces. The patient 

certain weight, and the same weight was taken for analysis. The 
sugar and salt used were determined by weighing a sma!l quantity 


the beginning of the experiment and determining what was left at tl 


end. All the food taken for analysis was mixed together, evaporated 
to dryness on the water-bath, ground to a fine powder, thorough! 
mixed and weighed and sampled for analysis as described in previ 
papers. Analyses were made in triplicate. 

Nitrogen was determined by the Kjeldahl method. 

Phosphorus was determined by the gravimetric modificatior 
Neumann's method. 

For the determination of calcium and magnesium, an aliquo 
of the food was incinerated, the ash dissolved in a dilute solut 
hydrochloric acid, and the calcium and magnesium determined 
method used for the urine. 

For the determination of sulphur the method found best was as f 
lows: An aliquot part of the food (from one to two grams) was mix 
with a little water and several grams of powdered sodium hydroxide 
A few grams of sodium peroxide were then added little by little w 
constant stirring until the mass was pasty. The mixture was the! 
warmed to gentle fusion over an alcohol lamp. After complete ox 
dation the mass was dissolved in water and the sulphur determing 
as in the urine. 

The faeces were thoroughly mixed, evaporated to dryness on the 


water-bath, and analyzed in the same way as the food 


EXPERIMENTAL DATA. 


Diet in first experiment Ist day. Breakfast: bread 


butter g.10, tea 180.0 C.c. 


Dinner: petato 146.6, bread 115.0, pudding 144.90, 


milk 30.0 c.c., butter, sugar. 
Supper: apple sauce 49 45, cheese 39.50, tea 17 
bread, butter, sugar. 
2d day. Breakfast: oatmeal 142.35 
bread, butter, sugar. 
Dinner : roast beef 49.75, potatoe 
bread, butter. 
Supper: roast beef 15.32, ice cream 


butter. 


2 
K 2 ( 
( ( 14 
| 
i 
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Jd day. Breakfast: oatmeal 110.75, beefsteak 45.45, bread, butter. 
Dinner: roast beef 18.75, potato 62.35, rice 95.01, milk 60.0 C.c., 
bread, butter, sugar. 


Supper: cold lamb 27.05, jelly 64.40, ice cream 67.20, bread, butter. 


TABLE I. 


THE ANALYSIS OF THE URINE, 
Me). 


0.659 0.1124 1.124 0183S 
0.504 0.0819 0.935 0.1958 
0.597 0.1036 0.991 0.2150 
0.439 0.0913 1.027 0.2166 
0.380 0.0754 0.1796 
0.343 0.0565 0.1956 
0.647 0.0750 0.1882 


0.290 0.0710 0.1424 


0.667 1.517 


1.166 


0.192 


jth day. Breakfast: oatmeal 138.80, beefsteak 51.35, tea 160.0 c.c., bread, 
butter, milk, sugar. 
Dinner: roast beef 43.58, potato 156.50, custard 76.go, tea 140.0 C.c., 
milk 30.0 c.c., bread, butter. 


Supper: cold lamb 22.64, tea 168.0 c.c., milk, 30.0c.c., bread, butter, 


FACES, AND Foop 
Day N. 
] 6.944 
5 6S? 
5.362 
6.456 
6.458 
( 5 680 
699 
Total (in urine) . 3.859 ee 51.04 
Feces 1.80 1.348 3.56 | 11.98 
Total excreted. 5.66 2.015 12.37 268 63.02 
I +.5¢ 2.207 12.05 7.15 69.12 
Retained by body 
1.10 0 32 L6.10 
vi 
Retair ad. per cent 
? ig > 63 9 
Weight at beginning, 590 lbs.; weight at end, 59.5 lbs. 
Ssuvar. 
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Oth day. Breakfast: oatmeal 114.60, beefsteak 
60.0 c.c., bread, butter, sugar. 
Dinner: roast beef 29.12, potatoes 134. 
C.c., sugar. 


te 


Supper: roast lamb, 82.79, peaches 29.42, tea 15 
bread, butter. 
6th day. Breakfast: beefsteak 68.93, oatmeal 129.¢3, t 
so.o c.c., bread, butter. 
Dinner: corned beef 62.29. potato 180 
Supper: cold beef 51.0, peaches 74.87, 
bread, butter. 
7th day. Breakfast: beefsteak 59.95, oatmeal 162.45, 
80.0 c.c.. bread, butter. 
Dinner: roast beef $2.93, potato 176.13, oatme 
tea, milk. 
Supper: cold lamb 24.34, potato 88.88, bread, butte 
Sth day. Breakfast: oatmeal 67.78, tea 150.0 c.c., mill 
butter. 
For whole period: bread 991.3, butter 227.7 gm., sugar 


There were several peculiar conditions in this case. There was 
very great retention of sulphur, and a considerable loss of cal 
there was a slight retention of nitrogen and magnesium The 
cium seemed to be excreted chiefly in the urine rather than in 
feces, and the magnesium in the faces rather than in the uri 
which is the reverse of the normal condition. ‘The daily excretion 
calcium in the urine was very high. The normal is considered to | 
from 0.12 to 0.18 gm. In this case we had from 0.30 to 
The daily excretion of magnesium was low. The normal is fr 


to 0.25 gm. In this case it was only from 0.05 to 0.11 gm. 


Diet in second experiment. — /s/ day. Lreakfast 
84.25. potato 47.00, bread, butter. 
Duiner: roast lamb 27.20, potato 83.1, milk 
breaa. butter. 
Supper: lamb 17.90, apple sauce 81.15 
2d@ day. Breakfast: beefsteak 49.2, oatmea 
c.C., COCOA 140.0 C.C, 
Dinner: beefsteak 34.4, potato 77.5, bread 
Supper: lamb 16.1, bread, butter, cocoa 152.0 ¢.c. 
3d day. Breakfast: scrambled eggs 64.6, oatmeal 98.4 mi 


140.0 c.c., bread, butter. 


30.17, tea 15 ( 
co. berries 102.90, 
C., MUK 
Lt 
tter 
milk 6 
114 
1o, bread, butt 
244-1, Salt 19 ) 
| 
, ice cream ¢ 
putter, MIUK 4 
le ice 6 
K $5 a 
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Dinner: beefsteak 61.3, potato 97.0, snow pudding 119.2, bread, butter, 


beefsteak 51.3, pear sauce 77.0, cake 33.5, bread, butter. 
Breakfast: beefsteak 51.20, oatmeal .20, COCOA 140.0 C.C., 
cream 35.0 c.c., bread, butter. 
Dinner: roast beef 44.70, potato 83.75, custard 87.0, bread, butter. 
Supper: roast lamb 18.55, jelly 64.0, cocoa 158.0 ¢.c., bread, butter. 
5th day. Breakfast: beefsteak 65.6, oatmeal 125.7, cream 30.0 €.c., Cocoa 
140.0 ¢.c., bread, butter. 
Dinner: roast beef 49.35, potato 73.55, ice cream 100.90, milk 150 
c.c., bread, butter, cake 41.0. 
Supper: roast lamb 30.18, cocoa 148.0 ¢.c., peach sauce 96.35, cake, 


bread, butter. 


bth day. Breakfast: beefsteak 58.05, oatmeal 101.9, Cocoa 150.0 €.c., cream 
30.0 c.c., bread, butter. 
Dinner: roast beef 28.70, potato $9.20, bread, butter, gingerbread 7 


snow pudding 72.55, MUK 1360.0 C.C. 


Supper: roast lamb 31.60, potato 37.35, cookies 15.0, a 
105.35, Cocoa 132.0 C.C., bread, butter. 
th day. Breakfast: beefsteak 52.65, oatmeal 108.20, 
c.c., bread, butter. 
roast lamb 42.6, potato 82.45, ice cream 86.335, 


> 


roast beef 23.4, apple sauce 126.5, cocoa 132. 


Breakfast : oatmeal 116 85, omelette 46.90, cocoa 150.0 C.C., 
5-40, potato 73.45, bread, Dutter, Cc: 


omelette 60.75, apple sauce 147.25, cocoa 158.0 c.c., bread, 


ikfast: beefsteak 61.90, oatmeal 129.75, cocoa 156.0 C.Cc., 
bread, butter. 
roast beef 67.90, potato 72.10, lding 107.10, bread, butter. 
roast lamb 20.40, apple sauce 149.90, bread, butter. 
10th day. Breakfast: omelette 63.85, oatmeal 124.25, cocoa 158.0 c.c., 
cream 30.0 c.c., bread, butter. 
Dinner: beefsteak 82.45, potato 130.0, snow pudding 120.7, bread 
butter. 
Supper: beefsteak 44.80, pear sauce 129.80, bread, butter, cocoa, 
120.0 €.C. 
11th day. Breakfast: omelette 53.10, oatmeal 136.15, Cocoa 154.0 C.C., 
cream 29.0 C.C., bread, butter. 


Dinner: beefsteak 43.55, potato 75.45, custard 142.55, bread, butter. 


milk 140.0 C.c. 
pple sauce 
C.C., 
i, butter. 
butter. 
Sth day. bread, 
butter, « 
Dinne oO, CUS- 
tard 140.20. 
butter. 
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Supper: beefsteak 51.3 


13th day. Breakfas 
Dinner: ro: 
Supper: lamb 11.6 
er. 


14th day. 


Bread for the 
Butter for the 
Sugar for tl 


Salt for the ex] 


From Table ITI it will be seen that there was a great 


nitrogen in this period than in the first. The daily excretion of sul 


phur was decidedly greater at this time than in the first period, a1 
the retention of sulphur was slightly less. The daily excretion of 
calcium in the urine was still considerably above normal, but w 
much lower than in the first experiment. In the first experiment t 
average daily excretion of calcium in the urine was 0.482 gm. 
this experiment it was 0.386 gm. The daily excretion of cal 
the faces was much less in this experiment than in 
total quantity in both cases was 1.80 gm. for the who 
the first experiment lasted only eight days, and this experiment lasted 
fourteen days. Perhaps the most striking difference in the metabo 
lism in the two experiments is the fact that, while in the first experi 
ment there was a loss of 24 per cent calcium by the organism, in this 
experiment, performed after castration, there was a retention of 
per cent. 

DISCUSSION. 


1 


It has been generally held that in osteomalacia there 


fication of the bony tissue, a “ halisteresis.” The only basis for this 


butter 
12th day. Breakfast: beefsteak 18.40, oatmeal 131.90, i 
cream 3 c.c., bread, butter. 
Dinner: roast f 31.70, potato 106.95, ( Nn 127.3 
utter. 
Supper: roast lamb 13.50, peach sauce 92.65, « Ma 252 , DI , 
ocoa 1862. es. 
10.50, potato 59.25, custard I 70. 
, Cake 75.0, Cocoa 136.0 C.C., y 67.3 
Bre t heefet t > - 
ik ) 93.555 ) 125.55, t 
cream 30.0 C.Cc., bread, Dutter. 
Dinner: milk 2 c.c., Dread, butter, 
Bread. butter. su 1 nd <alt ere w 1 for th 
yULTer, Ivar, and wel Weigil i I l 
| 
experiment a 242. 
experiment . ° ° 17 5 
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view is the low content of inorganic material in the bones in this 
condition. Normal bones contain from 34 to 44 per cent organic 


TABLE II. 


THE ANALYSIS OF THE URINE, 


0.2614 
0.2646 
0.2606 
0.2746 
0.2696 
0.2742 


0.2586 


6.740 


104.28 


Retained by body) 


(gm.) 
Retained, per cent} 
Food 100 ( 


Weight at beginning, 62.5 Ibs. ; at end, 62.7 lbs 


FACES, AND Foop 
Day. N S CaO. 
] 5.571 0.440 
2 5.359 0.421 
3 5.157 0.442 
$ 6.099 0.396 
5 4.069 0.319 
6 7.184 0.495 
= 
7 } 7 829 0.553 
Ss 5.347 0.2598 0.377 
9 6.741 0.2562 0.450 
10 8.064 0.2038 0.416 
ll | 6.976 0.2312 0.336 
}2 7.379 0.2070 0.313 
13 0.2196 0.151 
14 | 5.988 0.1835 0.288 
Potal (in urine) 3.425 5.397 
Feces ... 15.78 1.414 1.80 
Total excreta. . 7.20 
Food 127.0 10.54 10.03 
22.7 5.40 2.83 
' 
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material and from 56 to 66 per cent inorganic material.' In osteo 
malacia, on the other hand, the bones contain from 60 to So per cent 
organic material and from 20 to 40 per cent inorganic material.* 
Other data have recently been obtained, however, which confirm 
the supposition that in osteomalacia there is a decalcification of the 
bony tissue taking place. Thus Limbeck*and Neumann ‘each, in an 
experiment of several days’ duration, found that there is a loss of cal- 
cium by the body in this disease, and our experiment confirms the 


discovery. The results are shown in the table. 


Total excrete 


Total in food 


The decalcification is generally attributed to the action of an acid 
and especially to lactic acid. This idea is based on the hypothesis 
that lactic acid will destroy bone, on the discovery of lactic acid in 
the urine in osteomalacia, and on observations showing a decreased 
alkalinity of the blood in this condition. 

Concerning the action of lactic acid on bones, an experiment of 
Mors and Muck ® indicates that if a bone be put into this acid it will 
be decalcified to some extent. Mosetig-Moorhof® denies this. But 
in any case it seems doubtful if the experiment can be taken to indi- 
cate that the small quantities that might be formed would destroy 
living bone. 


1 ZALESKY: Medizinische-chemischen Untersuchungen v. Hoppr-SEYLER, 


1886, i, pp. 34 and 39; Gorup-BESANEZ: Lehrbuch der Chemie, 1874, 

2 SENATOR: In v. ZIEMSSEN’S Handbuch der speciellen Pathologi 
rapie, 1878, xiii, p- 230; ROLOFF: Virchow’s Archiv, 1866, xxxvii, 433; 
Archiv der Heilkunde, 1867, viii, 345. 

8 Von LIMBECK: Wiener medizinischen Wochenschrift, 1894, xliv, | 
and 844. 

4 NEUMANN: Archiv fiir Gyniakologie, 1896, li, p. 13 


5 MOrs und Muck: Deutsches Archiv fur klinische Medizi 
MOSETIG-MoOoRHOF: Centralblatt fir Chirurgie, 1885, p. 


LIMBECK NEUMANN 

CaO in urit ‘ 1.773 

CaO in feces 3.834 1.SO 

5.607 11.65 5 

2.965 11 .2¢ 

Loss 2.042 0.39 1.10 
- 
HUPPERT 
» 727. 
© 737, 794 
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Although lactic acid has been found in the urine in osteomalacia 
by many observers, yet it is not always present in this condition. 
Hofmann,! among others, has failed to find it in two cases. Further, 
we know that lactic acid is often found in the urine in conditions other 
than osteomalacia. 

A decrease in the alkalinity of the blood in osteomalacia was found 
by titration methods by Renzi,? Jaksch,® Issmer,* Truzzi,® and Eisen- 
hart,® and this has been taken as an indication of the presence of an 
acid. Fehling* and Limbeck,® who likewise used titration methods, 
found the alkalinity of the blood normal. Recent determinations of 
the alkalinity of the blood by accurate electrochemical methods have 
shown-that the values obtained by titration methods are altogether 
incorrect, and have no relation to the true alkalinity of the blood.’ 
Further, the formation of an acid in the tissue would not be shown 
by analysis of the blood, for such an acid would be immediately neu- 
tralized just as the carbonic, sulphuric, lactic acid, and other acid 
bodies constantly forming are continuously being neutralized. 

The above data seem to establish the fact that the bones are poor 
in calcium in osteomalacia, and that calcium is continuously being 
lost through the urine. The hypothesis that the process of decalci- 
fication is a solution of calcium by an acid, similar to the solution 
which takes place when a dead bone is placed in hydrochloric acid, 
does not seem to be justified. 

While it seems to be generally believed that in osteomalacia there 
is a loss of calcium by the bones, some writers maintain that this 
alone takes place, others that the calcium lost is replaced by osteoid 
tissue. Thus, according to the view of Lobstein,!” Virchow,'® and 


many others, the difference between rickets and osteomalacia lies in 


the fact that in the latter there is merely a decalcification, while in 


1 HOFMANN: Centralblatt fiir innere Medizin, 1897, xviii, p. 329. 

2 RENZI: Virchow’s Archiv, 1885, cii, p. 218. 

8 Von JAKSCH: Zeitschrift fiir klinische Medizin, 1887, xiii, p. 360. 

4 IssMER: Archiv fuir Gynakologie, 1889, xxxv, p. 310. 

5 Truzzi: Centralblatt fiir Gynakologie, 1892, xvi, p. 574. 

® EISENHART: Deutsches Archiv fiir klinische Medizin, 1892, xlix, p. 156. 

7 FEHLING: Archiv fiir Gynakologie, 1891, xxxix, p. 171. 7 

8 Von LimBeEcK: Grundriss einer klinischen Pathologie des Blutes, Jena, 1892, 

58. Wiener klinische Wochenschrift, 1894, xliv, pp. 737, 794, and 844. 

® R. Hosper: Archiv fiir die gesammte Physiologie, tgoo, Ixxxi, p. 522. 

10 Cited by O. VIERORDT in NOTHNAGEL’S Specielle Pathologie und Therapie, 
Part VII, ii, p. 124. 
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rickets there is at the same time a new formation of osteoid tissue. 
The histological researches of Cohnheim! and Hanau,? on the other 
hand, led these authors to the view that there is no essential 
ence between rickets and osteomalacia in this respect, there being a 
new formation of osteoid tissue in both cases. Kossowitz,® Pommer,* 
and Vierordt,’ too, take this view. It must be admitted, however, that 
the histological researches upon which these conclusions have been 
based have not been conclusive. 

If we use the method of calculation of Luthje and Berger ° to in- 
terpret our results, they can be seen to indicate that Cohnheim and 
Hanau are correct in believing that the inorganic material being 


lost is replaced by organic material. Bone contains 52.8 per cent 


calcium oxide and 38.7 per cent phosphorus pentoxide. Then, if we 
/ 


assume that in our experiments the calcium oxide lost by the organ- 
ism comes chiefly from the bones, and this seems probable from the 
comparative poverty of other tissue in calcium oxide, and seems es- 
pecially true in the condition of osteomalacia, the 1.10 gm. calcium 
oxide lost corresponds to 0.81 gm. phosphorus pentoxide. The ob- 
servations of Levy,® too, who found that calcium and phosphorus 
are lost in this disease in the ratio in which they occur in bone, 
confirm this assumption. But as only 0.32 gm. of the phosphorus 
pentoxide appears in the excreta, 0.49 phosphorus pentoxide is re- 
tained in the organism in some form. Flesh contains 0.47 per cent 
phosphorus pentoxide and 3.4 per cent nitrogen,® so that the 6.10 gm, 
“nitgogen retained corresponds to 0.84 gm. phosphorus pentoxide. 
We can see, then, that even if we do not take into consideration the 
fact that the magnesium retained would require some phosphorus 
pentoxide to combine with it as magnesium phosphate (0.23 gm., if 
it is used to replace the calcium phosphate in the bone), there is still 
too little phosphorus pentoxide retained to make ordinary muscle and 
organ flesh. This would seem to indicate that the nitrogen retained 
does not go to form flesh but to form some material which is poorer 


1 COHNHEIM: Allgemeine Pathologie, i, p. 516. 
2 HANAU: Fortschritte der Medizin, 1892. 
8 Cited by O. VIERORDT, in NOTHNAGEL’S Specielle Pathologie und 
Part VII, ii, p. 124. 
* PoMMER: Untersuchungen uber Osteomalacie und Rhachitis, Lé 
. 301. 
5 LuTHje und BerGer: Deutsches Archiv fiir klinische Medizin, 
» 75. 


6 Levy: Zeitschrift fiir physiologische Chemie, 1894, xix, 239. 


Cherapie, 

1885, 

Ixxxi, 
’ 
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in phosphorus pentoxide, and, from -the enormous retention of sul- 
phur, richer in sulphur than flesh. The material in the body 
which fills those requirements best is that making up the organic 
matrix of bone and cartilage; this contains little or no phospho- 
rus, but is very rich in sulphur. This would suggest that we have 
not alone a decalcification, but also a replacement of the inorganic 
material of the bone by organic material. 

The very great retention of sulphur is important in this connection. 
It is greater than can be accounted for by assuming that it is used 
to form any of the organic constitutents of bone or cartilage, for, 
although these substances are rich in sulphur, yet there is not enough 
nitrogen retained to correspond to all the sulphur. In this connection, 
too, may be mentioned the observations of Schmidt! and Langendorff 
and Mommsen,? who found that osteomalacia bones do not yield any 
gelatine. These observations tend to confirm the belief that the 
inorganic material lost is replaced by osteoid tissue, but indicate that 
the new material is somewhat different in composition from normal 
osteoid tissue. The substance giving gelatine may not be entirely 
missing, as shown by Levy.® 

It seems probable that the calcium lost is replaced not alone by 
organic osteoid tissue but in part also by magnesium. According 
to Gorup-Besanez* the inorganic material of normal bone consists of 
1.04 per cent, and according to Gegenbauer,’ of 1.75 per cent mag- 
nesium phosphate. In osteomalacia, on the other hand, Huppert ® 
found that 9.6 per cent, and Chabrié® 26.9 per cent, of the inorganic 
material is magnesium phosphate. From our Table I it will be seen 
that 9 per cent of the magnesium in the food was retained by the 
body. The same reasoning, then, that leads us to the conclusion that 
the bones are losing calcium will lead us to the conclusion that they 
are gaining magnesium in osteomalacia. 

We come next to the effect of castration. The effect on the cal- 
cium metabolism is most marked. Table (A) shows the results 
in acase of Neumann’s and in our case. Both were moderately 


1 SENATOR: Inv. ZIEMSSEN’S Handbuch der specielle Pathologie und Therapie, 
1879, xiii, p. 236. 

2 LANGENDORFF and MOMMSEN: Virchow's Archiv, 1877, Ixix, p. 412. 

8 Levy: Zeitschrift fiir physiologische Chemie, 1894, xix, 239. 

4 Gorup-BESANEZ: Lehrbuch der Chemie, 1874, iii. 

5 GEGENBAUER: Anatomie des Menschen, 1883, p. 98. 

® CHABRIE: Les phénoménes chimiques de lossification, Paris, 1895, p. 65. 
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severe cases, in which the organism was losing calcium. After 
castration there was a retention of calcium and a marked improve- 
ment in the condition. Table (B) shows the results of another 
experiment of Neumann's. This was a very severe case, and the 
condition was not improved by castration. The indication is that 
when the disease has lasted a very long time the organism can finally 
lose no more calcium. When this condition is reached the morbid 


tendency cannot be corrected by castration. 


CaO excreted 


NEUMANN: Archiv fii 


The effect of castration on the sulphur metabolism is not so strik- 
ing as the effect on the calcium metabolism, but still there is a ten- 
dency toward correction. Before castration, in our experiment, the 
ratio of the sulphur retained to that of the nitrogen was as 73: 100; 
after castration the ratio was 25: 100, which, though still high, is 
much nearer normal. 

Our work would seem to indicate, then, that in osteomalacia there 
is at first a decalcification of the bony tissue; that the calcium is 
in part replaced by magnesium, but probably chiefly by an organic 
substance rich in sulphur, poor in phosphorus, similar to but not 
exactly like the normal organic matrix. We hope to further confirm 
this statement by a direct analysis of bone from a case of osteoma- 
lacia.. If castration is performed during this period, the decalcification 
process is checked, and what has been lost is replaced. From Neu- 
mann’s work we can see that if the condition has lasted until it is 
very severe, the decalcification process finally comes to an end, but that 
after this castration does not restore the normal calcium metabolism. 


A 
NEUMANN.,} AUTHORS NEUMANN 
before After Before After bef After 
CaO in food ‘ 11.26 12.98 +.56 10.03 16.48 3.65 
Ce 11.65 7.20 5 66 7.20 15.90 3.14 
039 +5.78 1.10 0.5] 
Gynakologie, 1896, li, p. 130 
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Our patient is now in a very much improved condition, and we 


hope to study the metabolism again to see if it has become normal. 
It is to be regretted that the phosphorus pentoxide and magnesium 
oxide metabolism was not studied in the second period. We hope 
to study one more case more fully, and confirm our results, and to 
make complete analyses of the bones in this condition especially for 


the sulphur and organic bodies present. 


’ 


AN IMPROVED CAGE FOR METABOLISM EXPERIMENTS.! 


By WILLIAM J. GIES. 
[from the Laboratory of Ph 
— three years ago I exhibited, at the first meeting of 
Society for Experimental Biology and Medicine, 


signed for metabolism experiments, especially on dogs. 


photographs of the same cage were shown at a meeting of the Amer- 


ican Physiological Society. The cage referred to was similar to the 
one employed in my first metabolism experiments, which were carried 
out in the Sheffield laboratory of physiological chemistry under Pro- 
fessor Chittenden’s general supervision,” but was the fourth I have had 
occasion to design since, and was the outcome of continuous experi 
ences in metabolism investigations. The original cage had only two 
movable parts, —a hinged top and a sliding drip pan, — and in som« 
respects, therefore, was rather inconvenient. Each succeeding cage 
had a greater number of movable parts. Various other mechanical 
improvements in each added to the convenience of the operator and, 
besides, favored more complete and perfect collection of the excreta 
No description of any of the cages was ever published, although the 
following brief reference to the latest design appeared in Volume I of 
the Proceedings of the Society for Experimental Biology and Medicine 
A cage specially designed for experiments on dogs was shown. The 
parts are so adjusted as to favor the collection and separation of 
feces, urine, and cast-off hair. The improvements consist mainly 
of mechanical devices suggested by experimental experiences of the 
past few years in metabolism work, all of which are designed to 


1 Gries: Proceedings of the Society for Experimental Biolog 
1904, i, p. 14; also, Science, 1903, xvii, p. 469, American m« 
and Gres and collaborators: Biochemical researches, 1903, 
Proceedings of the American Physiologic al Socic ty, December, 
1904, X, p. XxXii. 

2 CHITTENDEN and Giles: This journal, 1898, i, 
orators: Loc. cit. Reprint No. 16. 
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] 
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insure quantitative accuracy as well as comparative convenience in 
the collection of excreta. 

Numerous requests have since been made for descriptions and pho- 
tographs of the improved cage. It has been found to serve excellently 
in this laboratory the various purposes for which it was designed. 
These facts have led me to present here several views of the cage 
and the following description of it. 

General construction. — The general features in the construction of 
the cage illustrated on pages 405-409 may be described briefly as 
follows: The extreme sizes of the frame are: length three feet six 
inches, width two feet four inches, height five feet six inches. A 
hinged front door is situated at the top. It is one foot high and 
swings outward and down. The top of the cage is hinged at the rear 
and swings upward and back. Stay-joints on one side make it con- 
venient to fix the open positions of the hinged top at angles of about 
45° or 90° (see p. 406). Small iron bars are inserted across the 
top of the cage, in the door, and in the remaining three sides for 
a distance of one foot from the top. Matched and beaded ceiling 
forms the panels, which surround a movable, zinc-lined, thin-walled, 
bottomless box. The latter rests on a sliding frame, to which is fas- 
tened a stout wire net, 

The thin-walled, bottomless box, or lining, is one foot six inches 
deep and the bottom edge is sharply bevelled. The zinc covering is 
continued three or four inches high on the outside of the box, and is 
secured there by nailing; it also extends well over the top edge of the 
box to cover the narrow space between the box and the frame. A 
metal ring, connected with a rod and terminal hook, is attached to 
the top edge of the movable box at the middle of each end. The rod 
is of sufficient length to reach the top rail of the frame, where the hook 
engages a support, when the rings are grasped and the box is raised 
high enough to allow the sliding frame, upon which it rested, to be 
pulled out. Eight thin, hardwood strips are attached to the outside 
of the box to keep it securely though not tightly in place on the 
sliding frame, and to favor its easy movement up and down. The 
box is durable, though light in weight. 

The upper surface of the sliding frame, which is grooved at the 
sides for the slides that support it, has a raised border and a bevel 
upon which the zinc-lined box rests. The sliding frame is covered 
with sheet-zinc, and a galvanized wire net is tightly secured across the 
bottom of the sliding frame. The meshes of the network are about 
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three-eighths of an inch square. The animal rests on the 
mediately below the network is a drip pan of galvanized 
is supported on slides, and is easily moved in and out. 

A long narrow shelf with a raised border is placed about 
below the lowest point, that is, the outlet, of the drip pan, and is 
ported at each end by a removable iron rod in such a way that the 
shelf may be easily pushed forward and backward. The rods pene- 


trate the legs of the frame, and 

are easily adjusted at any height 

under the pan. A set of folding 
is arranged at the front. 

‘he construction of the cage 

is shown in the accompanying 

figures and by the diagram of a 


transverse section of the cage. 


Remarks on the utility of the 
cage. — This form of cage is par- 
ticularly well adapted for use in 
careful experiments that may be 
continued for long periods, and in 
which catheterization is to be en 
tirely or almost wholly avoided. 
It cannot be used for respiration 
work Whatever exercise the ani- 
mal needs must be taken outside 
of the « ive. 
Urine, fieces, cast-off hair, and 
scurf can be completely collected 
and readily separated. The facal ter usually remains on 
network. line wire netting fastene 
cage will insure complete retention of any cast-off 
quantitative accuracy is desired), that may tend to 
the top of the cage, without interfering material 


tion of air through the cage. As a rule, nearly 


hair and scurf are found on the drip pan. 


taken up with an ordinary test-tube 

mately, if the brush be revolved on its axis as it is moved li 
over the surface of the pan. Scurf may also be separated and 
lected by this process, or by sieving the hairy mixture containing 
In cases of diarrhcea such separations cannot be made satisfact: 


by any process. 


4 
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The dimensions given for the particular cage described here have 
been found satisfactory for cats and dogs of ordinary sizes. It is 
obvious that cages of the same design may be made of larger or 
smaller dimensions, to suit the convenience of the operator or the 
conditions of his experiments. Smaller cages of this general type 
would be found very satisfactory 
for metabolism experiments on 
rabbits 


, guinea-pigs, and rats. 

The legs of the frame of this 
cage were made relatively long, 
so that the urine in the collect- 
ing vessel would be visible from 
practically all parts of the room, 
and also in order that the oper 
ator might obtain the excreted 


1] 
greatest possibile 


urine with the 
ease. The same result would 
be accomplished by placing a 
short-legged cage on a table. 
The space under the cage can 
be used to advantage, however, 
as the illustrations indicate. 


Because of the unusual height 


of the cage, a small animal can- 
Cag with movable lining suspended not ordinarily be seen in it unless 
ling frame with the observer: is comparatively 
7 close to it and able to look over 
the side. When it is desired to 
see the animal at any moment from any part of the room, a mirror 
properly suspended above the cage will gratify all desires in this con 
nection. This arrangement also favors careful observation of the 
animal at a distance, under conditions that avoid such disturbances as 
may result from the approach of the observer. 

The folding steps serve not only as a seat for the experimenter 
when the urine is examined in the collecting vessel or when the 
atter and its contents are removed from the shelf, but are service- 
able at all times when the operator wishes to reach any part of 
the interior of the movable box, or to feed or take hold of the ani 
mal. The height of the cage is such that a man of average stature 


can touch all parts of the cage, feed the animal, remove faces, 
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etc., without necessarily using the steps, although for a few ope 
ations, particularly the removal of the animal, the steps are usuall 
indispensable. 

The drip pan is so arranged that numerous modifications in the 
method of collecting the urine are possible. The sliding shelf, which 


1) 


is intended to hold the colecting vessel (if the latter is not atta hed 


directly to the drip pan ol connected with it in some other way ) 
also a convenient resting-place for various pieces of apparatus that 


are commonly employed in me 


tabolism experiments. ‘The shelf 
also favors the use of electrical 
apparatus to ring out the time of 
elimination of urine-fractions, it 
experiments in which fractions ot 
the urine must be examined sepa 
rately and immediately after thei 


natural excretion. 


As has already been indicated, L._ 
the character of the drip pan per- 
mits of various devices for the m 
collection of the urine lor this 
purpose we have usually placed directly below the outlet tube of the 
drip pan a receiver consisting of two parts: a wide-mouthed bottle of 
appropriate dimensions; a funnel of corresponding size, with the tube 
removed! (see pp. 405 and 406). The funnel serves not only to 
direct the urine into the bottle, but, by practically closing the mout 
of the bottle, prevents appreciable loss of water by evaporation from 
the collected urine. The funnel fits the mouth of the bottle just as 
satisfactorily without the tube as with it, and without the tube it may 
be tilted through a larger angle, thus favoring adaptability to various 
conditions of adjustment. A tubeless funnel of proper size is not 
very readily knocked from the bottle by ordinary means, because of 
its proneness to return to the vertical position from various angles to 
which it may have been tilted. 


Ihe best place for a receiver of the kind described is a position 


removal of the tube trom the ft ne Ss 
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directly under the outlet tube of the drip pan, so that the drip pan 
opening and the opening into the receiver are ina vertical line. If 
the circumference of the opening through the funnel is as large as 
that of the outlet tube from the drip pan, there is never any splashing 
when the urine gushes into the funnel, or, at all events, no urine 
splashes over the edge of the funnel. If the height of the bottle and 
funnel, when the latter is in place, is very slightly less than the dis- 
tance from the shelf to the lower edge of the outlet tube from the drip 
pan, either the drip pan or the shelf may be moved in and out without 
bringing the outlet tube of the drip pan in contact with the funnel of 
the receiver, when the latter is in the accustomed position on the 
shelf> Under these circumstances it is impossible to upset the re- 
ceiver, if the drip pan is pulled out before the receiver has been moved 
away from its usual position. 

When for any reason it is desirable to have the outlet tube in con- 
stant contact with the funnel of the receiver, the latter may be moved 
to one side to permit such contact and the shelf may be raised sufh 
ciently to bring the lower edge cf the outlet tube below the upper 


edge of the funnel. If it be desired, under these conditions, to guard 
against the possibility of upsetting the receiver by moving the drip 
pan thoughtlessly before the receiver has been taken away, it is only 
necessary to arrange to have the lower edge of the tube from the drip 
pan near the upper edge of the funnel. If these relations of the two 
are maintained, when the drip pan is pulled out the outlet tube 


re, the blow merely 


strikes the loosely fitting funnel at its upper edg 
tilts the funnel sufficiently to allow the outlet tube to glide over it, 
and after the pan has passed, the funnel remains in the tilted position 
or, as is usually the case, resumes the upright position. In either: 
position of the funnel the receiver remains closed and undisturbed. 

If it is desired to make the distance of extension of the outlet tube 
into the funnel relatively long, a particularly flexible rubber tube at- 
tached to the outlet tube will make this relation possible, without 
materially increasing the danger of upsetting the receiver by accident 
through careless withdrawal of the drip pan. <A receiver of the kind 
described has the particular advantage of enabling the operator to re 
move it instantly and substitute another without delay. 

The movable bottomless box, or, in other words, the adjustable 
lining of the cage, was designed to make drainage from the lateral 
surfaces perfect and to permit the use of a sliding frame with wire 


network that wold not tncerease the distance between the animai 


| 
| 
| 
‘ 
| 


An Improved Cage for Metabolism Experiments. 


md the surface of trip pan. 


The wire netting is st 


the wuder side of the sliding frame. 


the drip pan, and, besides, sufficient space is allowed 


of the frame without disturbance of any faces 


wire. The greater the distance between the 


pan, the greater the probable loss 
of urine from splashing to the 
intervening parts of a cage that 
cannot be drained by a drip pan. 
In the cage under consideration 
the lower edge of the movable 
lining rests tightly and perfectly 
on the frame that holds the wire 
netting, on lines de/vzw the upper 
borders of the sliding frame, and 
well within the outer limits of the 
drip pan, so that the distance be 
tween the network and the drip 


rht, and loss 


pan is relatively slig 
from splashing is practically im 
possible. The fall of the drip pan 
is slight and starts from the upper 
and out vr edges, thus bringing the 
outlet, in the middle, as near the 
level of the wire netting as can 
possibly be effected. 

The mobility of the wire bot 
tom favors complete removal of 
faecal matter that tends to collect 
in the angles of the meshes and 
on the under side of the network. 


It also favors thorough cleansing 


of the wire for experiments in which the faecal matter s! 


contaminated in any way. In experiments in which thes« 
tions are of little or no importance, the movable lining lik« 
no advantages. In such cases the ding the wh 
could be made stationary, its zinc covering continued uy 
sides of the cage above it, and the movable lining dispensed 
Slight losses of water from the excreted urine are ine 


cage in which elimination of urine 


hus brou 


that may re 


network 


ikes place natura 


ind 
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no greater in the described cage than in any other; they are, pet 
haps, less in it than in many others. The line of contact between 
the movable lining and the frame holding the wire netting is so per- 
fect that no urine can there be thrown behind the lining. ‘Traces 
that may occasionally tend to go behind the lining as a result of 
capillarity at the junction of lining and net holder, can easily be reco 
ered. he bevelled edge of the lining prevents passage by capillarity 


of urine beyond the very narrow line of contact and also facilitate 


removal, with a small wet sponge or test-tube brush, of any adherent 
matter, liquid or solid. In cases of exceptional character the elevated 
border of the-frame that holds the netting prevents loss of urine, and 
also favors complete recovery of any slight residues from evaporate 
portions, as on the surface of the drip pan itself. As a rule the ani 
mal, male or female, urinates directly on the pan, very near the middle 
of it. The possibilities considered above occur only in unusual cases 
especially when male dogs persist in urinating against the side of the 
cage, or directly toward an angle made by the frame that holds the 
wire network and the movable lining resting on it. None of these 
considerations need concern the experimenter when female animals 
are under observation in this cage. 

As every one knows, the volume of urine de/ivered to the collect- 
ing vessel of a cage is never equal to the volume of urine actually 
eliminated. Some of the urine adheres, of course, to the drip pan 
and there evaporates, but the sv/éd matter thus deposited is easily 


recovered by an ordinary washing process. In this cage the differ 
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It is my intention to report in detail, later, the advantages that accrue 
from the use of bone ash as indicated. 


lhe cage may be cleaned perfectly and with great ease, because it 


can be taken apart so readily and completely. This is obviously a 


gram 


consideration of particular importance from more than one stand- 
point. The excreta cannot come in contact with any other than 
metallic parts. 

In devising some of the parts of the cage I have profited by the 
advice of our laboratory helper, Mr. Christian Seifert. I am indebted 
to Messrs. T. W. Ludlow and Albert A. Stur, draftsmen in the office 
of the Superintendent of Buildings and Grounds of Columbia Univer- 
sity, for the diagram (p. 409), and for help in making the descrip 


tion of the general construction of the cage (pp. 
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CONTRIBUTIONS FROM THI ZOOLOGICAL LABORKATOI Hil 
MUSEUM OF COMPARATIVE ZOOLOGY) AT HAKVARI ¢ 
l L. MARK, Dirt N 


THE STIMULATION OF THE INTEGUMENT ARS 
NERVES OF FISHES BY LIGHT. 


N a paper published two years ago (Parker, :03), | scribed 


= 


some experiments on the frog by which it was sl 
confirmation of the results obtained by Koranyi (93), the integu 
mentary nerves of this animal are sensitive to light, and that they 
enable it to orient itself to a source of light, even after the removal 
of its eyes. That the integumentary nerves in certain salamanders 


are also sensitive to light had already been demonstrated for Triton 


by Graber (’84) and for Proteus by Dubois (90). Carlton \ ) has 
also shown a similar condition in a lizard, Anolis carolinensis; and it 
is likely from the observations of others that the integumentary 
nerves of many other lacertilians are sensitive to light So far as 


fishes are concerned, I know of only one set of observations on sen 


sitiveness of this kind; namely, those by kigenmann (| ) on the 
blind fishes of the genera Chologaster and Amblyo} . \\ h were 
shown to be sensitive to light, presumably through th . N 
one, however, has tested this matter very fully for fis] 1d 
therefore seemed to me desirable to extend this line of work on 
these more primitive vertebrates. At my suggestion Mr. ]. .\. Lon 
while working at the Biological Laboratory of the Unit State 
Bureau of Fisheries at Wood's Hole, Mass., carried out series of 
experiments with this object in view on the common killifish, Fun 
dulus heteroclitus; but the individuals in which the opt erves had 
been cut gave no conclusive evidence of reacting to light, and the 


experiments therefore led to a negative conclusion. It neverthele 


seemed to me that, though the skin of Fundulus might not be sens 
tive to light, that of other fishes might well be; a t n 
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has been justified by the experiments on ammoceetes detailed in this 
pape! 

he material on which I worked consisted of four living specimens 
of ammoccetes, each about 7 centimetres long. They were the 


larvee of either the lake lamprey or the brook lamprey,’ which had 


been sent me from Ithaca, N. Y., by Professor S. H. Gage of Cor- 
nell University. I wish to express here my indebtedness to Pro- 
fessor Gage for his kindness in procuring this material for me, as well 
as for having called my attention to this very satisfactory fish for 
experimental work. 

Ammoccetes lives well in confinement, is easily etherized, stands 
operations well, and is sensitive to light. 

My first experiments were directed toward ascertaining the char- 
it. These 


acter of the responses of the normal ammoccetes to lig 
experiments were conducted for the most part in a dark-room with a 


single-glower Nernst lamp as a source of light. This lamp had in 


front of it a heat-screen consisting of a glass vessel with parallel 
sides 7 centimetres apart and containing water. Immediately be- 


hind the heat-screen was placed a small oblong glass aquarium at 


such a distance that the light intensity at its middle point was abot 


35 candle-metres. The base of this aquarium measured about 12 by 
20 centimetres, and the aquarium was usually so placed that its 


narrow sides were at right angles to the direction of the rays of 


light. On the face of the aquarium next the lamp an opaque screen 
was so arranged that the light could be suddenly excluded from the 


> 


aquarium ‘or admitted to it. 


hen the four ammoccetes were introduced into the aquarium, 
\\ f t W int | 
the diaphragm having been so adjusted as to cut off direct light, 


they swam about for a while and finally came to rest on the bottom. 


After they had been at rest for some time, the opaque screen was 


quickly removed so that the full strength of the light fell on them, 


whereupon they all began swimming actively. This they continued 


to do till one by one they dropped to the bottom, there to rest a 


hort time, and then to recommence swimming. It was noticeable 


that they swam almost always with the snout in one of the four 
corners of the aquarium, thus indicating a strong thigmotropism, as 
intimated by Gage (’93, p- 450). Their phototropism was also seen 
in these reactions, for they almost invariably swam into the corners 


of the aquarium farthest from the light. When one rose, afte 


| se species cannot well be separated at this sta (GAGE ‘93, p. 456). 
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having rested a certain time on the bottom, it turned almost w 
exception away from the light and swam toward the far end of t 
aquarium. Sometimes on rising the fish would strike the side of t 
aquarium in such a way as to become directed tow t t 
in such instances it soon reached a corner near the light, it remaii 
there some little time, swimming with its snout close to the angle 
the aquarium. Sooner or later, however, all such individuals 1 
their way back to the rear of the aquarium \ quantitative statem« 
of this condition can be made on the basis of the followin 
which give the numbers of individuals out of four in the half of t 
aquarium away from the light at half-minute intervals 1 
Ae 4s 4s 3+ 4s 4041 4545 3 3s 4s 3+ 21 4s bs 314.4, 3- The 
fifteen of these records were taken with one end of t i 
toward the light; as a check, the second fifteen were taken wit 
end away from the light. Had the ammoc«tes been indifferent 
light, they would have been found as oftet in one half of the i! 
as in the other: but. as the « uunts show, they were t uit ot t 
aquarium away from the light 107 times out of a possible 120. It 
evident from these records that ammoccetes is negatively phototi 
though its phototropism Is at times overcome by its thigmotropist 

When the four ammoccetes were exposed to the light as just d 
scribed, but were in a cylindrical aquarium instead of an obl 
they swam round and round till they dropped to the bottom to r 
It was interesting to observe that as they swat | ist ( $ t 
aquarium nearest the source of light and farthest from it, they reas 
their speed noticeably; and they came to rest usu near the w 
of the vessel and about midway between the side toward t 
ind that away from it These reactions were undoubtedly determ 
by the ntensity of the lig lor near the pel ery « 4 nal 
Vesst e regions nearest the ] oht ind farthes iway trom it are t 
ones of greatest minatio ind those betwee r e th 
light \mmoccetes is therefore not only phototi ( 2 t 
ai of its swimming is determined by t E st is 
photodynami the of its swimming is 
light. 

Having ascertained that the normal ammoccetes was negative 
phototropic and photodynamic, I decided to find out next what part 
of its body served as receptive organs in these reactions Thee 


in ammoccetes are well known to be somewhat degenerate, b 


all the parts of the functional eye are present in this animal, 


| 
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entirely possible that these organs might be of some real service in 
vision. To test the importance of the eyes for the light reactions 
just described, I prepared two ammoccetes by etherizing them, cut- 
ting the optic nerves, and allowing them twelve hours in which to 
recover. On testing these two animals in the oblong aquarium, | 
found them to react to light in essentially the same way as when they 
had their eyes intact. They were still strongly negative to light, and, 
under the same conditions of experimentation that were employed 
with the normal individuals, were found in the half of the aquarium 
away from the light 105 times out of a possible 120. When placed 
in the cylindrical vessel they also showed the same acceleration of 
rate in the more brightly illuminated portions as had been shown by 
the normal animals. In only one respect, so far as I could observe, 
did they differ from normal individuals: they were more easily caught 
by the hand. But whether this was due to some secondary effect of 
the operation or to the loss of the eyes directly, I am unable to say. 
Since in all other respects they acted like normal fishes, I am forced 
to conclude that the eyes in ammoccetes are not essential to its 
phototropic and photodynamic reactions. Unfortunately I was unable 
to devise an experiment to test the reactions of these animals to light 
reaching them exclusively through the eyes; therefore, though I am 
sure that the eyes are not essential to the animal's phototropic or 
photodynamic reactions, I am not in a position to deny that they 
take any part in these reactions. 

I next tested the sézz of ammoccetes for sensitiveness to light. 
For this purpose I placed the aquarium containing two normal 
ammoccetes in a shaded situation, but so near a window that by 
means of a small hand mirror I could easily throw a beam of sunlight 
on them. When a resting animal was thus suddenly illuminated, it 
would almost invariably start into active swimming. If the beam was 
made narrow and thrown on the anterior fourth of the animal’s body 
only, including the eye, the response was always very slow in appear- 
ing and often entirely failed. Much the same was true when the 
beam was thrown on any portion of the middle half of the animal. 
When, however, it was thrown upon the tail, even though it illu- 
minated only a small fraction of the caudal region, the animal almost 
immediately started into active swimming. From repeated triais of 
this kind, it was perfectly evident that the posterior end of ammo- 
ccetes was far more sensitive to light than any other part of the 
animal's body, even than that in which the eyes were situated. In- 


| | 
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deed, it was remarkable how quick and vigorous was the res] 
when light was thrown on the tail in contrast with other parts of 
body 

Reactions precisely similar to those just described were obt 
from the two animals in which the optic nerves had en ( )} 
of these, even after it had been decapitated, still reacted to 
After the head had been removed, the animal no longer swam abot 
the aquarium but remained resting on the bottom. When a beam ¢ 
light was thrown on its middle portion, it seldom ever respot 
but when the light fell on its tail, it almost invariably made one « 
two locomotor movements. These reactions wer » invariab 
I have not the least doubt in as ribing them to the stimulati effect 
of light on the tail. 

It might be maintained that the reactions of individuals in wl 
the optic nerves had been severed or the head cut off wet yt 
to the stimulation of the peripheral ends of spinal nerves ht 
but to a direct action of light on organs in the spinal cor 
is believed to occur in Amphioxus But Iam not inclined to a 
this explanation, for ammocc«tes reacts quickly when the lig] 
thrown on its ventral side, a side from which t cord would 1 
relatively inaccessible to light because of the thickness of body 
traversed l-or this reason I believe that the light reactions « 
capitated immocactes, or of those in which the opt nerves are 
depend upon a stimulation of the peripheral ends of the nal nerve 
in the Integument, 

It might ilso be contended that, at least in the case of the expel 
iments with reflected sunbeams, the heat rays and not tl cht 
were the effective stimuli; but as most of these reactions tov 
after the rays had penetrated 8 or 10 cm. of water, t conte 
could have no weight, for such a depth of water we | elimin a 
the heat before the rays had reached the animal 

In order to get some idea of the intensity of ght necessary t 
induce a reaction in ammoceetes, I threw a small beam of 
directly from a single Nernst glower on the tail of anormal i 
a few centimetres distant, but always without eff next ( 
light from a six-glower lamp, and found that when a beam from tl 
source was thrown on the tail of a normal animal immediate 


motor response followed, though the animal did 
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beam when thrown on the middle or anterior part of i 


varying the distance it was found that the lowest 
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that caused a reaction when thrown on the tail of the ammoccetes was 
about 20,000 to 25,000 candle-metres (a six-glower Nernst lamp at a 
distance of 12.5 cm. from the fish). No response was obtained when 
light of this intensity was thrown on the head or on the middle part 
of the body, and this may therefore be looked upon as the approxi- 
mate threshold-intensity for the most sensitive part of the body of 
the fish. 

From the observations thus far recorded I conclude that the spinal 
nerves of the integument of ammoccetes are sensitive to light, and 
that this sensitiveness is most marked at the tail. This condition is 
doubtless correlated with the well-known habit of ammocates to 
burrow: According to Gage (93, p. 450), these fishes burrow head 
foremost into the sand far enough to hide themselves. Such a. habit 
would be greatly facilitated by a tail sensitive to light, for by this 
means they would be kept burrowing till the tip of the tail was 
brought below the level of the sand in which they live. 

The ability of the spinal-nerve terminals to be stimulated by light 
may now be said to be established for certain fishes, amphibians, and 
reptiles; and this fact is not without interest in connection with the 
theories of the origin of the vertebrate retina. Nearly twenty-five 
years ago Balfour (81, p. 419) pointed out that the inversion of 
the vertebrate retina was most easily accounted for on the assumption 
that this layer had been derived from a light-receptive layer once 
functional on the outer surface of the ancestral vertebrate, and _ that 
in the formation of the central nervous system this outer layer had 
been inverted as it was swept into the deeper parts of the head. 
This view, which has been considerably elaborated recently by 
Boveri (:04), has received no small support from Hesse’s discovery 
(‘98) of retinal cellsin the cord of Amphioxus; and the facts recorded 
in the present paper give it further support, since they indicate that 
even the surface of certain existing lower vertebrates still retains a 
sensitiveness to light like that which probably characterized the 
primitive external layer from which the paired eyes were derived, 
It must be kept in mind, however, that the terminal organs in the 
paired retinas are rod and cone cells and that even in Amphioxus the 
terminal organs in the cord are cell bodies, whereas in the skin of 
fishes, amphibians, and reptiles the terminal organs sensitive to Ii 
ire probably free nerve terminations. This ditference, however, in- 
dicates in my opinion a degeneration of the terminal organs in the 


skin of modern forms accompanied by a decline of the integument in 


| 
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sensitiv ness to light. It IS POSS ble, as | ha © ecim vhere ] ted 
(Parker, :03, p. 34), that these degenerate light-term 
of the lower vertebrates become the temperature-termi 


integument of the higher forms. 


1. Ammocoetes is negatively phototropic and photodyt 


; >. Its eves are not essential in these reactions to lig 
ri 2. Its integument is sensitive to light, a1 this si 
creater in the tall than in any part of the t: K Or hea 
}. The terminal organs for light reception in the s of 
ccvetes are 1n ill prol ibility the tree nerve te it 
nerves 
| 
5 This sensitiveness of the vertebrate s 
remnant of that primitive condition trom which t 


were derived, and possibly served as a basis from wl 


ature-terminalis ol 
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IUM. 


ON THE THEORY OF GEOTROPISM IN PARAM(CK 


By E. P. LYON. 


HE general phenomenon of geotropism in the protozoa is known 

through the work of Schwarz,’ Massart,* Jensen,’ Sosnowsk 
Miss Moore,” and others. If we place water containing paramcecia 
in a vertical glass tube, they tend to move upward and forma ga 
ing nearthe top. The reaction is more prompt and exact in sot 
cultures than in others. It is easily disturbed by food or other 
chemical stimuli, by contact relations, by change of temperature, 
etc. For this reason it is best for geotropic experiments to have 


glassware very clean and to place the animals in very pure distill 


£ water. Under such conditions the response seldom fails with active, 
well-fed animals. That gravity is the cause of the orientation ar 


gathering is shown in two ways. First, by exclusion methods it ca 


be demonstrated that neither light nor the downward diffus 
oxygen, nor any other condition except gravity, is the cause ol 
phenomenon. Secondly, by subjecting the animals to a pi 
graduated centrifugal force it can be shown that they go against a1 
acceierating force of the same character as gravity. We therefore 


know that paramcecia under usual conditions are negatively geotrop 


When we come to ask how gravity is able to stimulate the orga 
isms, or (using an anthropomorphism) how they ‘“ know up fron 
down,” we find that several views have been advanced. We w 
consider each of these in turn. 


Verworn” in his early work was unable to see how gravity could bs 


1 SCHWARZ: Berichte der botan n Gesellschaf 
2 MASSART: Bulletin de Académie royale de médecine ¢ Belvique, 1 
xxil, p. 158 


3 JENSEN: Archiv fiir die gesammte Physiologie, 1892, liii, p. 428 


i 
* SOSNOWSKI: Bulletin de l Académie des sciences de Cracovy ISg9 
H § MoorReE: This journal, 1903, ix, p. 23 
6 VERWORN: Psycho-physiolog sche Protisten-Studien, 1880. | 
reference from Davenport’s Experimental morphology, i, p. 121 
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regarded as a stimulus. Acting equally all the time, it seemed to 
him quite different from an induction shock, for example, which is 
applied for a fraction of a second only. Regarding this view it may 
be said that if it should seem best to restrict the word “ stimulus” 
to sudden changes of relation between environment and organism, it 
must still be borne in mind that such change of relation may arise 
from movement of the animal just as well as from movement of the 
environment. I have emphasized this point in my paper on Rheo- 
tropism. In the case of gravity we have, it is true, a force un- 
changing in direction or magnitude ; but the movement of the animal 
brings it from time to time into new relations with this force, and 
the conditions of stimulation are therefore fulfilled. We know that 
an electric current flowing across a nerve does not stimulate; flowing 
lengthwise, it does. Stimulation would result if the nerve were 
moved from the crosswise to the lengthwise position on the elec- 
trodes, just as surely as if the electrodes were moved from one position 
to the other and the nerve remained at rest. So we might assume 
that the lines of the force of gravity do not stimulate when they pass 
lengthwise through a paramcecium, but do stimulate when they cut 
across the organism. Stimulation would occur whenever the organism 
came into a horizontal position, just as surely as if gravity were a force 
to be moved about and applied at will. This illustration is introduced, 
not as a picture of what actually takes place, but for the purpose of 
showing that gravity possesses all the qualities of a stimulus, even in 
a restricted sense of that word. Jennings* has emphasized the same 
ideas regarding chemical stimuli: “ Stationary as the stimuli may be, 
the organisms ... are of stationary; by their own movements the 
organisms come into new relations with the stimuli,” etc. 

The misconception of gravity asa stimulus into which Verworn 
fell, led him to advocate what has been called the mechanical theory 
of geotropism., It was supposed that the protozoa took up positions 
in the water determined by the laws of buoyancy, — the positions, in 
other words, which, as dead bodies of the same density and shape, 
they would take. In paramoecium, for example, if the centre of 
buoyancy were nearer the anterior end than the centre of gravity, 
the animal would stand upright in water for the same reason that a 
ship does, or a hydrometer. That the assumption is incorrect was 
indicated by Jensen when he found that dead euglena fell with the 


Lyon: This journal, 1904, xii, p. 149. 
2 JENNINGS: American naturalist, [g00, xxxiv, p. 264. 
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anterior end directed downward, while the living forms place the 
anterior end upward, move upward, and are negatively geotropic. 
The only criticism of Jensen’s experiment is that it did not ex 

the possibility that in killing the animals the centres of buoyancy 
gravity might have been changed through distortion or through lo 
ized changes of density in the protoplasm. It is true that he used 
those killing reagents which produced least visible distortion, and the 
probable correctness of his conclusion has been generally accepted 
But inasmuch as his method was not entirely above criticism and the 
proof had not been extended to parameecia, I looked for a method 
that could be applied to the living, : 


unaltered organisms. I made use of 


the fact that the animals when centri- 


fuged strongly are passively thrown se 

to the bottom of the tube. A glass = = 
tube was drawn into a capillary so Ficurr 1.— Tube 

fine that paramoecia could not turn and @ part of 
around in it (see Fig. 1). The capil- 


lary end C was dipped into distilled 

water and the tube filled by capillarity to point A; then the end C was 
sealed and a drop of water containing paramoecia was introduced int 
the large part of the tube. The tube was fastened to the centrifuge 

that the capillary pointed away from the axis of the machine. After 
strong rotation the capillary was examined under the microscope 
The organisms were invariably found with anterior ends directed 
towards the closed outer end of the tube. It is therefore certain 
that passive paramoecia would fall head end down, and that thei 

negative geotropism is the result of an active process on the part of 
the animals. Jensen’s view in this respect is fully confirmed, and the 
mechanical theory is to be laid entirely aside. 

The theory of Jensen,! adopted by Verworn in his text-book of 
general physiology in place of his own original hypothesis, may be 
called the pressure theory. Jensen supposes that the organism 
responds to hydrostatic pressure and tends to move from places of 
high to those of low pressure. If we consider the conditions neces 
sary for stimulation, it is apparent that the difference in pressure 
between the upper and lower surfaces of the animal must be the 
stimulus to orientation, because, if the pressure were exactly equal on 


each element of surface, it is impossible that the animal should 


1 JENSEN: Loc. cit. 
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“know up from down,” no matter how great the pressure. This 
difference in pressure between the two ends of the animal is constant. 
If we calculate what ratio it sustains to the total pressure, we find 
(as Jennings ' and I? have shown independently) that in the case of 
paramcecium it is less than one-millionth of the pressure on one 
surface of the animal. This supposes a sensitiveness to mechanical 
stimulation which Jennings has shown the paramcecium does not 
possess. If we imagine a man able to appreciate the direction of the 
vertical by the excess of atmospheric pressure on his feet over that 
on his head, we begin to see the improbability of Jensen’s theory. 
Indeed, the pressure on a person’s feet is more than two hundred 
millionths greater than that on his head. 

‘rom considerations such as the foregoing I came seriously to 
doubt Jensen’s hypothesis, and determined to examine the experi- 
mental evidence for and against it. Jensen cites an experiment in 
which the tube containing the organisms was inclined to the vertical. 
In such a tube parameecia often move vertically upward until they 
strike the upper wall of the tube, and then follow the direction of 
this wall to the surface of the water. This proves, he thinks, that 
the animals are oriented in the line of pressure rather than in that 
of gravity directly. The only possible basis of this argument seems 
to have been the belief that the pressure varies in the direction of 
slant of the tube. In reality, of course, the pressure varies with the 
vertical depth, and is independent of the slant of the tube. 

A second line of experimentation used by Jensen was the artificial 
variation of the pressure. If the paramcoecia were placed under the 
receiver of an air pump and the air exhausted, the hydrostatic pres- 
sure was greatly diminished. The difference in pressure between 
the upper and lower surfaces being constant, the ratio between the 
supposed effective or stimulating pressure and the total pressure is 
greatly increased; and we might expect a more definite orientation. 
Jensen claims, indeed, that the geotropic response is strengthened. 

The experiment is subject to the criticism that, on pumping away 
the air from above the tube, the oxygen and other gases leave the 
culture medium. This affects the activity, and quite likely the ac- 
curacy of orientation, of the animals. I repeated the experiment in 
the following way: Two tubes of water containing paramcecia were 
freed from air, and a layer of oil placed on the water in each. One 


1 JENNINGS: Journal of comparative neurology, 1904, xiv, p. 441. 
2 Lyon: This journal, 1905, xiii, p. xv. 
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tube was then connected with a vacuum pump, and the air pressure 


1 


reduced to a few millimetres of mercury. No hastening of the 
geotropic gathering was noticeable in this tube. The contrary, rathe: 
was true. 

Jensen studied the effect of increased pressure, on the supposition 
that he might be able to reverse the geotropism thereby. This he 
was unable to do. I tried the same experiment with a different 
end in view. Since the pressure effective as a stimulus according to 
Jensen’s theory must be constant, by increasing the total pressure 
the definiteness of orientation should decrease; and one might reach 
a point at length where the pressure differential would be too small, 
and geotropism would fail. No such failure was noted on increasing 
the pressure to three atmospheres, although the animal must then 
be supposed to be responding to a stimulus of less than one three 
millionth of the pressure on one side of its body, or to a much smaller 
fraction of the total pressure. 

However, in my opinion, little weight, one way or the other, should 
be given to experiments involving great changes of pressure he 
internal condition and general activities of the organisms are undou 
edly so changed that the experiments have little significance as 
bearing on the theory of geotropism 

Another observation of Jensen's is, however, of very great impor- 
tance, and gives the clue to a correct solution of the problem. If 
paramoecia are observed immediately after being moderately cer 
fuged, their geotropism is found to be much more pronounced than 
normally.. Jensen interpreted this as due to increased pressure. Bu 
this cannot be true. If we calculate the increase of pressure it is 
found to be very small, compared with the increase in centrifugal force 
over ordinary gravity. Assuming the tube to be 10 cm. deep, its 
open end to be at the axis, and the rotation sufficient to cause a force 
of 10 g at the bottom of the tube, the increase in pressure at the 
bottom is only 4 per cent, while the increase in ¢ is goo per cent. If 
we place only 1 cm. depth of water in the tube, the pressure is increased 


less than 1 per cent by a centrifugal force of 10g. But in 1 cm. of 


water the geotropism is as much reinforced as in tocm. Moreover, 
increases of pressure produced in other ways do not strengthen ge 

tropism. Finally, a variation of Jensen’s experiment proves beyond all 
doubt that his theory is wrong. <A tube closed at one end and nearly 
closed at the other is filled with water containing parameecia. It 


is arranged on the centrifuge so that its ofen end is away 
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axis. By careful rotation the animals are driven to the outer open 
end of the tube without being forced out.! Now, the protozoa so 
handled show afterward the same pronounced geotropism that Jensen 
described. But the pressure at the open end is never greater than 
atmospheric. Here we have the crucial experiment. Pressure is 
not raised, but the force equivalent to gravity is increased. The 
geotropic response is strengthened. Therefore geotropism is directly 
dependent on gravity and not on pressure. We may safely discard 
the pressure theory of geotropism. 

A third theory of geotropism is based upon the assumption that 
the animal meets a greater resistance in moving upward than in 
moving downward. We may call this the resistance or weight theory. 
As Davenport? puts it, in swimming up, the animal must overcome 
friction plus weight; in swimming down, friction minus weight. The 
animals are supposed to be impelled to travel against the greater 
resistance. While this theory seems easily assailable on physical 
grounds, involving on final analysis the assumption that paramoecium 
can appreciate differences of velocity of movement, both active and 
passive, it is perhaps sufficient to bring forward experimental evi- 
dence against it. This is found in the successful application of the 
method suggested by Davenport and used by Miss Platt.’ The or- 
ganisms were immersed in a liquid of the same density as themselves, 
and definite geotropic gatherings observed. As they have no weight 
in such a liquid, the supposed basis of stimulation falls away. Miss 
Piatt tried the experiment, but was unable to find a strongly geotropic 
culture. Miss Moore? states that she succeeded with it, and J was 
in doubt about her result only because the specific gravity of the 
organisms was so imperfectly known. Of course, this is a necessary 
prerequisite. Jensen attempted to find it by the very bad method of 
immersing the animals in potassium carbonate. Miss Platt attempted 
to ascertain the density of spirostomum, parameoecium, and tadpoles 
by measuring the density of that solution of gum-arabic in which 
dead or anesthetized organisms would neither rise nor fall. The 
experiment is subject to two criticisms. First, the density of the 


1 | find that a variation of this experiment described in this journal, 1905, xiii, 
p. xv, is not susceptible of the interpretation there advanced. Pressure does not 
increase toward the axis. 


2 DAVENPORT: Experimental morphology, 1897, i, p. 122. 


® PLATT: American naturalist, 1899, xxxili, p 31. 
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animals is very likely to be changed by any killing reagent or ances 
thetic; second, the viscosity of such a solution is such that even 
bodies of considerably different density are likely to be held up for a 
long time unless a greater force than gravity be used to separate t 
ortant 


from the solution. The first criticism is extremely im] 


} 


I therefore looked for a method by which the density of small 


ganisms could be found without any injury or change in them. | 
made use of the hamatocrit attachment of the centrifuge by wh 
very high velocities of rotation and consequent centrifugal force as 
secured. At the bottom of a small tube was placed a little gum-aral 
solution of known density; above this a few drops of water contai 
ing parameecia. The tube was then centrifuged about one minute 
If the animals were forced to the bottom of the tube, their density was 
known to be greater than that of the gum solution used. By varying 
the latter the density of the animals is easily found. I should 
that centrifugalizing for the above length of time produces no efle 
in the general appearance nor in the activity of the organisms. 


Here are the protocols of such an experiment: 


CULTURE 5 


“e Tube 1. Density of gum sol. 1,050, 12,000 revolutions; a few 
{ Tube 2 “ 1.052, “ ‘ : verv few 
II Cube Density of gum sol 1.048, 10,000 revolutions: o 
Tube 2 1,052, ; atew 
III { Tube 1. Density of gum sol. 1,043, 10,000 revolutions; all ¢ 


This and other experiments show that the density of parameecia 
may vary from about 1,042 to 1,054. Those in distilled water may 
be slightly less dense than those in the culture medium. An average 
density of parameecia is about 1,048 or 1,049. 

The figure obtained by Miss Platt, 1,017, is so different that I tried 
a culture at Woods Hole in addition to four or five in St. I 
The results vary only within narrow limits. The method is appli: 
ble to any small! organisms, and I shall use it for further studies 
should, perhaps, add that the gum solutions used were the same as 
those about to be described. 

The solutions used for the geotropism experiments were made as 
follows. Only water which had been double distilled in glass was 
used. In this water paramoecia will live over a week. Dowdere 
gum-arabic was dissolved in this water so as to form a strong solu 
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tion. The slight acidity always found was then very carefully neu- 
tralized with sodium hydroxide. Then the solution was dialyzed 
against distilled water for several days. In solutions! so prepared, 
even when considerably denser than the organisms, the latter will live 
a week or more. From the original solution several dilutions were 
made, and the densities of all ascertained by the pycnometer. Inter- 
mediate densities were secured by mixing any two of the stock solu- 
tions In proper proportions. 

The further procedure was very simple. A drop of distilled water 
containing many paramoecia was thoroughly mixed with the gum- 
arabic solution and placed in a tube. A layer of paraffine oil was 
placed. on top of the liquid. This was intended to exclude oxygen 
and a possible consequent chemotropic gathering. Invariably in all 
the solutions, whether of equal, greater, or less density than the ani- 
mals, the latter slowly rose and formed a dense ring near the top. 
The response was slow, as the velocity of swimming in such viscous 
solutions is extremely small. Two or three hours, or over night was 
often necessary. But often the rising ring of animals could be seen 
in twenty minutes or less. It was typical geotropism very much 
slowed. 

The only criticism of this experiment, which I see, is that the 
osmotic pressure of the gum is not entirely negligible, as the den- 
sity of the animals is somewhat increased by a prolonged stay in such 
solutions. During the stay of about one day in gum of density 1,049, 
parameecia of originally the same density attained a density of about 
1,054. In another case, parameecia of density 1,049 were increased to 
1,053 by a stay of twenty hours in gum of density 1,051. But these 
changes are so slight, and the resistance introduced by the thick gum 
so very much greater, that the resistance theory is rendered more than 
improbable. Moreover, as Miss Platt points out, if geotropism were 
a weight effect, “the negatively geotropic organism should become 
positively geotropic in solutions of greater specific gravity than its 
own.” Such is never the case. The organisms, indeed, come quicker 
to the top in solutions of greater density than their own than in those 
of equal density, being buoyed up to so great an extent that the 
increased viscosity is more than balanced. 


1 IT cannot too highly recommend this solution for the examination of parame- 
cia or other motile unicellular forms. Teachers of zoédlogy will find it far superior 
to cotton, gelatin, or any other device for holding paramecia still. The careful 


neutralizing is very essential. 
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Having shown that gravity produces orientation neither through 
pressure nor weight, we are driven to the idea that it acts on the cell 
directly ; that the internal constitution is affected and determines the 
response. This theory has always appealed to the writer for two rea 
sons. First, and most important, it is the only one that can be applied 


to the majority of cases of geotropism in plants and in hydroids, 


Secondly, in my studies on compensatory motions! I found traces of 


geotropism in crustaceans after removal of their specific geotropic 
sense organs and blackening of the eyes. This residuum of geotropic 
response I was inclined, without any experimental evidence however, 
to attribute directly to cells of the 
body, ¢..¢., of the nervous system. ’ 
It seemed reasonable that certain Ct 
cells might retain some degree of . 
direct irritability to gravity, pro- 
vided that unicellular organisms 
had such a quality. 

When we consider what must 
be the internal condition in order 
that gravity may influence a cell directly, we see at once that difter- 
ences of density within the cell must be predicated. For internal 
stimulation the relation of the parts of the cell to each other must be 
changed in some way by gravity. Stresses or pulls which occur when 
the organism is in one position with respect to the vertical, must be 
changed in another position. This could not take place in a homo- 
geneous body, nor in a complex one all of whose elements were of 
equal density. But if some are of greater density than others, such 
pressures and pulls must occur, and can easily be supposed to produce 
the effects which we have seen. In Figure 2 this is illustrated. The 
heavier particle (which, of course, is not necessarily the nucleus) 
must, in position A, push against the lower and pull upon the upper side 
of the organism. In position # it must pull upon the posterior end 
and press against the anterior. The reverse of / holds true in posi- 
tion C. If the particle were lighter than the rest of the protoplasm, 
similar but opposite inequalities of stress would result, and the theory 
would not be changed. Now, it is evident that for the animal in posi- 
tion A, it is sufficient to imagine a slight inhibition of cilia produced 
on the upper, or a slight stimulation on the lower side, and we should 
have the orientation sufficiently explained according to the ordinary 


1 Lyon: This journal, 1899, iii, p- 86. 
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tropism schema. Or if we imagine that the inequalities of pressure 
in positions A and B lead to the “avoiding reaction,” while those of 
position C do not, we should be able to account for orientation on the 
trial and error method, which according to Jennings! (and I have 
studied the response sufficiently to believe that he is entirely correct ) 
is the actual method of orientation to gravity in paramoecium. The 
spiral locomotion would make no difference provided stimulation take 
place in positions A and #2. According to Jennings? this organism 
occasionally makes the avoiding reaction when no external cause can 
be detected; in all probability, therefore, in response to internal 
changes. We have, then, only to imagine the changes produced by 
gravity to be somewhat of the nature here outlined to have a fair pic- 
ture of geotropism in these forms. 

It is well known that the substances within cells are not always of 
the same density. Herrick *® showed that the nucleoli of the ovarian 
eggs of the lobster are always at the lower edge of the nuclei. It was 
interesting to see whether it could be demonstrated that the paramee- 
cium also is actually composed of substances of various densities. The 
animals were strongly centrifuged for several minutes in the haema- 
tocrit attachment. Microscopic examination showed that certain 
dark granules originally distributed were now aggregated in one end, 
usually the anterior. It is thus seen that differences in specific grav- 
ity exist in the protoplasm of this animal. Moreover, it is to be ob- 
served that paramoecia which have been very strongly centrifuged 
have lost their geotropism for a time, although still active. Indeed, 
strong centrifugalization with its accompanying displacement of sub- 
stance is quite different in its effect from moderate centrifugalizing, 
which, as has been said, intensifies the geotropism. In the latter case 
we can imagine the stronger pull of the denser substance to be fol- 
lowed by stronger stimulation. In the former the whole system is 
upset by actual displacement of the heavy (or light) substance. 

1 JENNINGS: Journal of comparative neurology, 1904, xiv, p. 441. 

2 Personally communicated. I have also noticed this phenomenon. 

8 HERRICK: Anatomischer Anzeiger, 1895, x, p. 428. 

* Later experiments show that the eggs of many animals can be separated into 
a number of substances which arrange themselves in perfectly distinct zones. In 
the Arbacia egg four such substances can be made out. Taken in connection with 
the recent work of Conklin and others on organ-forming substances, these observa- 
tions possess considerable interest. I am carrying on further investigations along 


this line. The nucleus, it may be added, is found to be lighter than the cytoplasm 
in all cases investigated. The usual description of the nucleus as “denser than 


the cytoplasm” is to be understood as referring to optical density only. 
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It will be seen that the above theory of geotropism is of the same 
character as the statocyst (otocyst) theory in higher animals. There 
we have a complicated sense organ depending for its action on the 
pull or pressure of a denser structure; for example, the statolith 
(otolith). It has been shown by Clark! that an actual stone is not 
necessary; but in the Brachyura studied by him and which have no 
otoliths, one would undoubtedly find that certain parts of the oto 
cystic structure are of greater specific gravity than others, and thus 
the conditions for stimulation provided. 

The botanists are divided as to the cause of the geotropic curva 
tions which are so common in plants. But the statocyst theory 
receives a large acceptation. Such bodies as starch grains and oil 
drops are supposed to be equivalent to statoliths and bring 
gravity stimulation. A large amount of evidence in this di 
has been brought forward by Haberlandt? and others. If in para- 
mcecium geotropic stimulation were attributed to food particles 
or to storage materials, we should have an explanation of the failure 
of geotropism in starved animals, which is sometimes very marked. 
The case would be exactly parallel to that of rootlets, which are said 


not to show geotropism when all their starch has been exhausted. 


SUMMARY. 


Experimental. —1. Living parameecia are precipitated by the cen- 
trifuge anterior end foremost. ‘Therefore the geotropic orientation 
is an active process. The mechanical theory for this reason cannot 
be true. 

2. A variety of experiments show that Jensen’s pressure theory is 
incorrect, especially the fact that geotropism is intensified in a centri 
fuge tube which is open away from the axis and in which, therefore, 
no increase of pressure above atmospheric is possible. 

3. The resistance or weight theory must be given up because 
parameecia are geotropic in solutions of the same density as them 
selves, and in which, therefore, the resistance is the same going up 
as down. 

4. The specific gravity of living paramcecia was determined to be 
about 1.C49. 


1 CLARK: Journal of physiology, 1896, xix., p. 327. 
2 HABERLANDT: Jahrbicher fiir wissenschaftliche Botanik, 
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Theoretical. —It seems that gravity must act directly upon the inner 
constitution of the cell. This must involve pressures or stresses 
within, which could only come about in a system of substances of 
different densities. It can be shown that such differences of specific 
gravity actually exist in the body of paramcecium. The theory which 
explains the facts best is therefore practically the same as the statocyst 
theory developed for higher animals, except that instead of a com- 
plicated sense organ and reflexes, we have here the whole mechanism 
of stimulation and response in a single cell. 


| 
} 


RESTORERS OF THE CARDIAC RHYTHM 


J. LINGLE. 


INTRODUCTION. 


M! \DERN physiology teaches that certain methods of 
will make living but non-beating heart tissue be 
again. This treatment consists in the application of 
mechanical, and chemical agents. Of these the elect: 
the constant current and induction shocks, both sl 
tetanizing. The mechanical includes pressure in the 


tension in suspended heart strips, and the various forms of 


cal injury, as pricking and so forth. The chemical members 


in this class are numerous, and include a larg 
completely devoid of chemical relationship 
agents possess rhythm-restoring powers is based on 
experiments carried out under widely differing condition 


material of different kinds. Some of the work has beer 


entire hearts, both excised and in the body, some on heat 
both vetebrate and invertebrate hearts have been uss 
ever a test has been made of the powers 

rhythm with whatever kind of material, 

invariably been such that no distinction could be 

action of the agent being tested and that of 

chloride invariably used with it. This error in met 

the prevalent idea that a solution of sodium chloride was n 
played no part in the production of a restored rhythm. 


1 


We now know that this idea is not true, and we can 
doubt conclusions from every experiment of this kind where 
tions were not taken to exclude the effects of the sodium « 
solution. The results contained in this paper have been secu 
a study of the powers of some of the agents commonly cons 
able to restore a cardiac rhythm under conditions that exclude 
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assistance of a solution of sodium chloride, either in the form of a 


bathing solution or moistener. 

Each agent tested has been made to exert its powers on the same 
kind of tissue, z. ¢., a strip from the ventricle of a turtle’s heart, and 
under the same conditions. It was expected this would reveal the 
comparative value of each kind. But the results do not, and, as will 
be shown, they indicate that under the conditions of experimentation 
many so-called rhythm restorers do not have this power, fer se, at all. 


This holds true for electrical and mechanical conditions, and certainly 
for some chemical agents also. The electrical and mechanical agents 
have been especially worked with, and it is found that their rhythm- 
restoring power is entirely lacking when used independently of a 
solution of sodium chloride. 

These results reveal from a new standpoint the value of sodium 
chloride in the phenomena of heart physiology, and if they apply 
universally will simplify that subject by excluding from the field of 
discussion a number of agencies whose explanation would make more 
difficult the final solution of the problem of the origin of the heart 


rhythm. 


CURRENTS AS RHYTHM PRODUCERS OR RESTORERS. 


I. The constant current. A. Action of the constant current on strips 
from the ventricle of the turtle. —Of all the so-called rhythm pro- 
ducers the constant current apparently occupies the securest posi- 
tion. Its claims for insertion in this class were first put forth by 
Ickhard,! and since his time they have been supported by a formidable 
literature. The conclusion of all this work may be summed up in the 
words of Biedermann,? who states that ‘ the constant current during 
its closure in cardiac muscle thus produces a regular and invariable 
series of rhythmic contractions, which also appear, at least under 
certain conditions, in striated skeletal muscle; and this is still more 
the case in smooth muscle.” Or we may quote Langendorff,? who 
states that “ the apex of a frog’s heart beats rhythmically in response 
to a constant current, and its rate varies with the strength of current 


used.” Kaiser? has attempted to show that this power is due to 


1 ECKHARD: Beitrage zur Anatomie und Physiologie, 1858, i, p. 145. 


2 BIEDERMANN: Electro-physiology (English translation), 1896, p. 197. 


3 LANGENDORFF: Archiv ftir die gesammte Physiologie, 1895, Ixi, p. 33 
4 KAIser: Zeitschrift fiir Biologie, 1894, xxx, p. 279; édemt, 1895, xxxii, p. 464. 
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rhythmic variations in the strength of the current used, and so is not 
really a constant current effect as it is usually understood. But 
Trendelenburg ! has combated this idea, and w.th others regards the 
constant current as a real rhythm producer. 

A review of this literature shows all of these observers made ex- 
periments on heart tissue either kept in or moistened with a solution 
of sodium chloride while under the influence of the constant current. 


As the solution of sodium chloride alone will start a rhythm, con- 
clusions based on such experiments are of questionable value, 
especially when it can be shown that if the tissue from a turtle’s 
ventricle is subjected to a constant current without the solution of 
sodium chloride no rhythm results. 

The method used to test the action of a constant current fer se on 


strips of a turtle’s ventricle was as follows. Two heart strips were 
prepared from the apical region of the ventricle in such a way that a 
ring-like band with its long axis parallel to the base was removed. 


This was cut so that two pieces were secured as near alike as pos- 


sible. One of these was suspended in a moist chamber and fastened 


lever, was kep 


toa lever. The other strip, also fastened to a similar 
in the air. The levers of both preparations were arranged to record 
on the same drum one over the other, and the drum usually made 
one revolution in twenty-four hours. These strips were so wired 
that a constant current would enter one strip, leave it, and enter the 
second. In this way both strips were traversed by the same current. 


} 
aown 


The current used was our laboratory house current cu 


proper strengths by means of lamps and graphite rheostats. The 


feeblest current used was one that when interrupted while flowing 


through a frog’s sciatic caused a minimal contraction 

muscles. Next above this, one was used that caused a maximal con 
traction. Then one kept just below a strength that would cause a 
contraction in the heart strip, followed next by one that always 


caused a good strip contraction. Beyond this the current was 


measured with a milliammeter and strengths of one-quarter, one-] 
three-quarters, one, two, three, and more milliamperes were used. 
It was easy, when working with strong currents, to know when an 
excessive strength was reached, for a too strong current threw the 
strip into a state of strong tonic contraction, —a condition which 
always interfered with its subsequent use. 


Non-polarizable electrodes were used in all the experiments 


1 TRENDELENBURG: Archiv fiir die gesammte Physiologie, 19 Ixxx 
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these several kinds were employed, — Porter’s boot electrodes, Ost- 
wald’s calomel electrodes, and the ordinary kaolin and zinc sulphate 
form. While experimenting, the strip in the moist chamber was kept 
moist by surrounding it with wet cotton so arranged as not to exclude 
air. Thecontrol strip in air was moistened with a solution of sodium 
chloride which was dropped on it or applied witha brush. In the 
first series of experiments boot electrodes moistened with a sodium 
chloride solution were used on both strips. And it was found that 
with all strengths of current the lower strip kept in air and moistened 
with the sodium chloride solution never failed to develop a rhythm, 
while the comparison strip in the moist chamber, receiving the same 
constant current but no sodium chloride, seldom did. Whena rhythm 


did appear, it was feeble and imperfect. These strips were, however, 


in good physiological condition, for whenever the lower strip was 
moistened the other contracted rigorously, showing its irritability 
was sufficient to respond to the variation in the strength of the 
traversing current produced by the drop of sodium chloride solution 
on the other strip changing its electrical resistance. 

But we had here to contend with the fact that sometimes a rhythm, 
feeble and imperfect it is true, did appear in the strip not moistened 
with the solution of sodium chloride. To see if this was due to the 
small amount of sodium chloride in the electrodes, others were sub- 
stituted moistened with a solution of lithium chloride. And with 
such electrodes the strips in the moist chamber never developed 
rhythmic activity with any strength of current, while the control 
moistened with sodium chloride never failed. The same result was 
secured where ail four electrodes were soaked in the lithium solution. 
Hence the effect cannot be due to an inhibitory action of the latter, 
In these experiments the preparations stood twenty-four hours, and 
ample time was given for activity toappear. Itis not claimed the con- 
ditions remained the same for the whole period. They certainly did 
not ; some electrodes were polarized in two hours, others lasted longer ; 
but, nevertheless, it is true that while the favorable conditions lasted, 
the sodium chloride treated strip developed a good rhytim and the 
other strip did not, though the same constant current passed through 
both strips during the entire experiment. 

Experiments of this kind indicate clearly the relative values of the 
sodium chloride solution and the constant current. When a strip is 
moistened with the solution and traversed by the constant current, its 
rhythm is renewed. But the constant current is not the active agent, 
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for the sodium chloride alone renews the rhythm, and the: 


rent itself fails to restore the rhythm when conditions are the 


the sodium chloride bath is omitted. Sometimes when worl 


strong currents, from three-quarters up to three milliamperes 


moistened with the sodium chloride solution and trave 


current will beat with a regular but very 

condition was seen in winter, and was first attribute 

tion of the heart tissue. This, however, was not the cause, 
inspection showed that the feeble rhythm was due to only a 
strip beating rhythmically. All activity in 

was confined to the anode end of the striy 


no signs of arhythm. And the force of the strip's beats see: 
because only a part of the strip was working, and 

sibly diminished force when the whole strip was short. 
strip was used, then activit 

a pir j 

solution, Under th sonditions 

workers with the constant current have called 

as the result was the opposit | some phases of 
action, I was careft PC he experiment a 

and there is no bt tl with a certain strength o 
rhythm in a heart strip is limited he region of the 
gins there, and will disappear or greatly diminish when 
changed to a cathode. In experiments of this kind 
used and extra long strips secured, and they were us 
the middle with a Gaskell clamp, though sometimes tl 
ligatured firmly and suspended so that each half recorde 

drum. Non-polarizable electrodes of several kinds were 

sure they were neutral in the matter, and » results were 

with all kinds. Under these conditions, when one end 

the other cathode, activity of one or the other 

half of the strip. Whena strip prepared in this way was traversed 
a current of from three-fourths to three milliamperes and moisten 


needed with a solution of sodium chloride, it usually s 
a number of simultaneous single contractions in each half. 


were clearly produced by sudden variations in the streng 


traversing current, as they corresponded exactly with ea 
tion of the salt solution. After a time, though, it was found t 
the part of the strip in contact with the anode began to beat wit 


+} 


normal rhythm, while the cathode part remained absolutely w 
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sucn activity, though it continued to show strong individual beats 
when the strip was moistened. If under these conditions the direc- 
tion of the current was changed, then the rhythm of the previous 
anode end began to diminish gradually, and a rhythm started in the 
new anodic region. Sometimes the rhythm in the former anodic 
space ceased when it was made cathodic. At other times it was de- 
pressed to microscopic proportions. In one experiment the current 
was reversed six times, and in each case the rhythm entirely ceased 
in the cathodic area and began again in each new anodic space. In 
another case reversal of the current worked the same with three 
reversals. 

While these rhythms were active the strips showed a marked loss 
of tone. And the tone diminished equally in both anodic and cathodic 
regions, where there was activity as well as where it was lacking, 
thus showing that loss of tone and rhythm are independent, and 
causes that produce the one do not necessarily bring out the other. 

This idea that rhythm is associated with anodic conditions has been 
recorded by several observers. Bernstein,! working with the con- 
stant current on a frog’s heart, noticed that “in general the contrac- 
tions run in the direction of the current and pass from the positive 
to the negative pole.” His explanation was based on the idea that 
the heart’s ganglia possess exciting and inhibitory powers and the 
direction of the current determines which power shall be active. But 
in a heart strip, Bidder’s ganglia, the ones Bernstein evidently con- 
sidered important are lacking, and such an explanation does not 
hold. Neumann? observed the same thing in the frog’s heart. 
Schillbach® saw something similar in the intestine of the rabbit, 
where a single contraction originated at the cathode and a series of 
peristaltic contractions (a sort of rhythm) at the anode when it was 
acted upon by the constant current. 

The literature of the subject contains some material that may be 
used to explain these observations. 

First, there is the explanation of Biedermann,’ who maintains that 
all these cases are simply cathodic effects. The conditions, he thinks, 
are such that physiological cathodes are formed, and he believes 


! BERNSTEIN: Untersuchungen tiber den Erregungsvorgang im Nerven und 
Muskelsystem, Heidelberg, 1871, pp. 216 and 224 

2 RicH. NEUMANN: Archiv fiir die gesammte Physiologie, 1850, xxxix, p. 408. 

* SCHILLBACH: Virchow’s Archiv, 1887, cix, p. 254. 

* BIEDERMANN: Loc. cit., p. 254. 
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we are in reality dealing with a phase of the law of polar stimulat 
So far as I can see, he has no evidence to prove this, and it seems 
though he was led to advance the idea in order to bring the phen 
ena under the law of polar stimulation. Even 
this is no explanation. We know very little about 
ing of electricity on animal tissue. Besides, the idea is unsat 
from another standpoint. it assumes rhythm-producing 
contraction-producing agents are identical, but we have some eviden 
that these are more or less distinct. Heart muscle ordinarily shows 
rhythm and contractility, but it can easily pass to a state where it is 
still powerfully contractile but not at all rhythmic. In this conditi 


it obeys the law of polar stimulation, but it | 


because heart muscle contracts at the cathode 


made through it that a rhythm must also be set up there 
tain this is to hold the law applies in another field. 

It is possible to disprove experimentally this idea when a co 
current is made to pass through a heart strip of short inter] 
fibres. Either a single anode and cathode is produced, or a wl 
series of anodes and cathodes. If the former is true, the idea is over 
thrown. If the latter represents conditions, then Engelmann! has 
shown that the efficiency of a pole is due to current density abou 
Hence it must be the current density about the anode 
the effect. And yet by changing the shape of the electr 
we can completely change electrical density there withor 


the results. If we use an electrode with a surface 
greater area than the cross section of the strip, current 
the same as when one of small area is used, and yet the: 
changed. The phenomenon is entirely independent of 
kind of electrode, and therefore of current density also, and it is diffi 
cult to see how we can be dealing with a physiological 
Herring * has insisted that secondary anodes and cathodes are 
duced by bending or pinching muscle fibres, and our method « 
using Gaskell’s clamp certainly falls in this class. But here, agai 
we have evidence that pinching has nothing to do with results, for, as 
has already been shown, the same thing is seen in unclamped stri 
In these the rhythm can be seen in the part of the strip about the 
anode only, even when no mechanical separation of any kind exists 
between the anode and cathode. 

1 ENGELMANN: Archiv fiir die gesammte Physiologi 

2 HERRING: Sitzungsberichte der Wiener Akademie, 
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Second, this anodic rhythm may belong in the same class with an 
obscure phenomenon first observed in muscle by Kiihne! and called 
by him the “ Porretsche Phanomen.” By others it has been called 
the “ Kiihneschen Phanomens” and the “ Galvanische Wogen.” This 
consists of a series of wave-like contractions that begin at the anode 
and run over a muscle when it is traversed by a constant current of 
proper strength. Hermann? has studied this rhythm, and he states 
that it occurs only in parallel fibred muscles. If this is true, it is dis- 
tinct in character from the rhythm seen in a strip of heart muscle. 
Nevertheless, I am strongly inclined to believe that this phenomenon, 
which has never been satisfactorily explained, is a rhythm of identical] 
character with the anodic heart rhythm and has the same explanation, 
which will be given later. 

We find, then, that under the influence of the constant current heart 
and possibly other, tissues develop rhythmic activity in the region of 
the anode; and this has always been considered a result of the 
action of the current at that pole. But we may now, it seems to me, 
ask the question: Is the phenomenon really a polar effect? If the 
fundamental idea of this paper is correct, this apparently anodic or 
polar rhythm is nothing more or less than a sodium chloride pro- 
duced rhythm. It must be remembered that all experiments showing 
this phenomenon are made on tissues moistened with a solution of 
sodium chloride. And if we suspend a heart strip and moisten it 
with a solution of sodium chloride, after a time the whole strip shows 
rhythmic activity. If now we suspend and moisten in the same way 
a similar strip, and send a constant current of proper strength through 
it, after a time it shows rhythmic activity about the anode. This 
cannot be an anode effect, because the production and maintenance 
of an anodic state has no such power when the sodium chloride bath- 
ing solution is lacking. Beside, if the current is lacking and the 
moistening solution present, not only the part about where the anode 
was would beat, but the whole strip. The thing requiring explanation 
here is not the rhythm in the anodic region, but the anomaly of no 
rhythm about the cathode. It is clear that the constant current in 
this region inhibits the action of the sodium chloride solution, while 
permitting it to act normally in the anodic space. This explanation 
will apply to heart, intestine, and stripped muscle equally. We know 
too little of the composition and nature of living substance to analyze 

1 KUHNE: Archiv fiir Physiologie, 1860, p. 542. 
2 HERMANN: Archiv fiir die gesammte Physiologie, 1886, xxxix, p. 600. 
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these facts. But the fact that cathodic conditions interfere with 
action of a solution of sodium chloride would suggest that ano 
conditions should favor it. And what we know of the a 
current supports this idea in some respects. For example, 
is the seat of oxidations, and oxidation we know is favorabl 
development of a cardiac rhythm, as is shown by thea 
tions of hydrogen peroxide. At the cathode reduction 
Again, a constant current passing through a heart 
electrolytic changes. There is a sorting of ions 
charged sodium, calcium, and potassium, and other positi 
diminish about the anode, and this will favor a rhythm, as an 


f calcium and potassium interferes with its developmen 


negatively charged ions including chlorine and OH accumulat 
About the cathode the positively charged sodiu ralcium, an 
sium accumulate, and the excess of calcium and potassium w 
to inhibit the working of the sodium chloride solution there. 
this is going on, the moistening with sodium chloride rene 

in the anodic space. When I wrote my first paper on thi 
believed that it was the sodium ion that caused rhythmic 
heart tissues. But Dr. Mathews’! work showing that the 
charged ion was the active agent threw me into confusion. 

no means of deciding this point, in my second paper I was 

] 


discuss only sodium chloride, hoping that sometime condit 


arise that would enable me to experimentally test these 
ideas. The discovery of this anodic rhythm in 

seemed to be the desired means; but on 

conclusion is not established. It may 

Mathews,” Neilson and Brown,’ and Benedi 

that the negatively charged ion is the active one 
vinced that the conditions of experimentation do 


Che first point is this. If the matter of ar 


of a constant current was simply a question of kind and ion 


tion, then the rhythm should appear in a heart strip traverse 
constant current without the addition of the sodium chloride sol 
In this case we produce electrolytic effects, but no rhythm 1 


The fact that the sodium chloride must be added under all con 


1 A. P. MATHEWS: S« 
2 MATHEWS: Loc. cit. 
3 NEILSON and Brown: 


* Benevpicr: This journal, tgo5, xiii, p. 192. 
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to get the rhythm indicates that it is specific for the power we call 
rhythmic as seen in heart and other tissues. 

This electrolytic effect enables us to understand some points not 
easy to explain otherwise. A very small amount of sodium chloride 
will produce the effect under the influence of the constant current 
because of the favoring accessory conditions developed about the 
anode. It also enables us to understand the conditions observed by 
Pickering ' on the embryonic heart. He noticed that with a current 
of a certain strength passing through the chick’s heart reversal of 
current direction changed the direction of the rhythm, evidently be- 
cause the cathode inhibited the rhythm at its end, while the anode 
permifted the normal rhythm to originate unhindered and spread from 
there over the rest of the heart. It also enables us to explain Langen- 
dorff’s* observation that varying the strength of the constant cur- 
rent traversing a heart modifies the rate of the rhythm, probably 
because, as the current changes, the oxidations and other favoring 
conditions at the anode are increased for the natural rhythm, as they 
are for that originated under the influence of a solution of sodium 
chloride. 

Before leaving this part of the subject I wish to prevent possible 
misunderstanding by distinctly stating that the views here advanced 
do not exclude the possibility of other solutions doing the same work 
as sodium chloride. It is not the only salt solution that can cause 
he production of a rhythm. Others can do the same. The action of 
this salt is discussed exclusively here because the experiments were 
made with it and also those described in the literature of the subject. 

LB. The action of the constant current on the apex of the frog’s 
heart. — As so much work has been done on the apex preparation, 
in investigating the relation of the constant current to rhythm pro- 
duction, it seemed desirable to test our idea on this tissue also. The 
results are not so satisfactory as with turtle tissue because the tissue 
is feebly rhythmic. Under the conditions of our experiment it never 
develops a spontaneous rhythm, and we are compelled to stimulate it 
each time and judge of its rhythmic condition by the frequency of the 
beats accompanying the stimulus. If a stimulus produces a single 


beat, rhythmic power is poor, but from twenty-five to fifty or more 


beats with a single stimulus indicate considerable rhythmic power. 
Several sets of experiments were made. In the first our sodium 


1 PICKERING: Journal of physiology, 1896, xx, p. 221. 
2 LANGENDORFF: Loe. cit. 
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chloride idea was applied to the treatment of the apex as developed 
by Trendelenburg.! 

Two preparations were used at the same time. 
in a paraffin trough with non-polarizable electrod 


One trough was filled with a solution of lithium chlorid 


with one of sodium chloride. The wires for the cons 


were so arranged that the current passed through one tt 
then through the other. A graphite rheostat gradually 
current strength from less than a milliampére up to ten o1 
milliampéres. A key in the circuit permitted make and break 
ulation at will. With this method it was found that tl 

sodium chloride solution gave short rhythms when the curt 
strengthened and when it was made or broken. While tl 

the lithium solution would give but one rhythm during the exper 
ment, after that, no matter how stimulated, the response was always ; 
single beat. While making these rhythmic beats little pu | 
were ejected into the lithium solution with each contra 

this blood was expelled the apex never again showed 

the lithium chloride solution. In other experiments the heart 
were not placed in a solution, but directly in contact with the 
polarizable electrodes in a moist chamber. he current of 
strengths was sent through them in different directions, transversely 
and in both directions longitudinally. In some instances the apex 
was made to expel its blood by causing it to contract in filter paper 
before placing it on the electrodes. The tissues were not moistened 
and so were influenced solely by the salt solutions contained in the 
electrodes and by the constant current traversing them. The ele 
trodes used were moistened with Ringer's solution and with sodium 
chloride and lithium chloride solutions. And the number of times 


an apex gave more than a single beat where the current was streng 


ened or made or broken was taken as an index of its rhythmic power 
] 


In one series of experiments with electrodes moisten wit 


Ringer’s solution the following results were obtained: 
The strength of the current was changed 
The current was made 
The current was broken 
The total number of chances for a rhythm was 
An actual rhythm occurred 
The tissue failed to respond to the M or B 


And gave single contractions at M or B 
z 
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The highest number of beats in a rhythm was 69; the lowest, 2. 
Ihese rhythms were most frequently seen at the make and when 
the current was suddenly strengthened. 

A similar experiment with electrodes moistened with a sodium 


chloride solution gave results as follows: 


Strength of the current was changed g times 


‘The current was made oC 
The current was broken SI 
The total number of opportunities for a rhythm were 71 
\n.actual rhythm occurred 7 
‘Lhe tissue failed to respond toa M or B, ete. 


And gave single contractions at M & B, etc. 


When the current strength was about one-fourth of a milliampére, 
the conditions seemed most favorable for rhythmic development. 
The highest number of beats counted in a rhythm was 15; the 
lowest, 2. 

In the experiment with electrodes moistened with lithium chloride 


solution, 


The current was increased 

The current was made 

‘The current was broken 

Giving a total number of chances for rhythm of 
\ rhythm occurred 


The tissue failed to respond to stimulation 


And gave single contractions when stimulated 


The highest number of beats in a rhythm was 5; the lowest, 2. 

In the three preceding sets of experiments apices were used full of 
blood just as they came from the heart. If the last experiment with 
electrodes moistened with lithium chloride is repeated with apices 
that have been previously washed out with a sugar solution, or that 
have been made to expel their contained blood by contracting on 
filter paper, then a rhythm is never seen, even when the tissues give 
good contractions at the make and break of the current in the 
majority of cases. 

In many instances when the electrodes were moistened with 
lithium chloride, the effort was made to reverse conditions, and by 
adding Ringer’s or sodium chloride to get the tissue into condition 
to show a rhythm; but every such attempt was a failure. 
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Throughout these experiments the effort was made to keep the 
electric current a constant factor. The variations in the results indi 
cate the influence of the moistening solution, and they indic: 
the latter is far more important for the development of 
than the constant current. 

II. Induction shocks Probably the experiments which have given 
most support and prominence to the idea that induction shocks can 
produce a rhythm in heart strips were those by Gaskell.' He sus 
pended a ventricular strip, and passed through it feeble tetanizing 
shocks, and at the same time stimulated it at ten-second intervals with 
single induction shocks. And under the influence of these agents he 
says the contractility and irritability of the tissues improved rapidly, 
and after a time spontaneous beats appeared, which lasted long after 


rents are not abso- 


the currents were removed. Gaskell thinks these ag 
lutely necessary, but they hasten the development of the rhythm. To 
use his exact words, ** Under the guidance of the interrupted current 
and the single induction shocks the rhythmical power inherent in the 
muscular strip has been developed and made manifest, the muscle 
has been taught to beat.” In this experiment three factors are 
present. First, the strip is suspended and moistened with a solution 
of sodium chloride. Second, the strip is made rhythmically active by 
the application of effective induction shocks every ten seconds. And 
third, it is traversed at the same time by feeble tetanizing shocks. 
Which of these is the essential factor in calling out the rhythm ? 
Gaskell ignored the first factor entirely, and laid stress on the second 
and third conditions. Here, again, it is easy to prove that we are deal- 
ing with a sodium chloride developed rhythm, and also that the sec- 
ond and third factors of themselves are absolutely unable to develop 
arhythm. Had the strip been simply suspended and moistened with 
the sodium chloride solution, the rhythm would have developed just 
the same. This view has been established by a series of experiments 
in which each factor was tested separately. 

A. Slowly repeated induction shocks. — Bowditch* seems to have 
been the first to show that slowly repeated induction shocks of a cer- 
tain strength have power to start independent beats in the heart tis- 
sue. And since his paper appeared a large amount of work has been 
done on this subject, but neither Bowditch nor any other experimenter 
has made the experiments so as to exclude the rdle of sodium chloride. 

1 GASKELL: Journal of physiology, 1883, iv, p. 54. 


2 BowpiTcuH: Berichte der koniglichen suchsischen Akademie, 1871, p. 
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And the evidence to-day is not of such a kind that we can assert 
positively that slowly repeated induction shocks can start a rhythm. 
And when tested experimentally the idea is plainly without support, 
as was demonstrated in the following manner. Two heart strips 
prepared and mounted in the usual way were made a part of the sec- 
ondary circuit of an induction coil. In the primary of this coil was 
inserted an interrupting clock which gave shocks at the rate of one 
per minute. The strength of current used was varied, but was ordi- 
narily that giving a good contraction of the tissue. When such an 
experiment is started, both strips are stimulated and give a contrac- 
tion for each shock; and the strip in the moist chamber never shows 
any other activity. The other strip in air and moistened with the 
sodium chloride solution presently begins to show interpolated spon- 
taneous beats, which rapidly increase in number so that the strip is 
soon in full rhythmic activity, with the beats due to the individual 
shocks entirely obscured (Figs. 1 and 2). Anyone observing such an 
experiment and believing that the bathing solution was neutral would 
certainly be impressed with the rhythm-producing powers of this 
method of stimulation. And yet the stimulation without the bathing 
solution has no such powers, and the solution alone has. It is clear 
that this rhythm is another instance of a sodium chloride rhythm, and 
the old idea is an exampie of misplaced credit. I have said we never 
get a rhythm with this kind of stimulation; and it is true; but it is also 
true that sometimes the strip seems to make a tremendous effort to be 
rhythmical without success. In one experiment in a series of eight 
a strip showed a few feeble extra beats in between those produced 
by the stimulation. It seemed as though this trip acted like an 
apex preparation and responded to each shock by more than single 
contraction. 

B. Tetanizing shocks as rhythm producers. — Schoenlein! has 
shown that tetanizing currents cause a rhythmical activity in stripped 
muscle, but Gaskell? is chiefly responsible for the belief that a 
heart strip can be made to beat rhythmically, as has been stated 
The experiments he describes, like the others, were made with strips 
moistened with sodium chloride, and when this factor is eliminated 
the result is not the same. This was determined by a series of ex- 
periments like those with single shocks. In every experiment it was 
found that the tetanized strips showed a rhythm when moistened with 

1 SCHOENLEIN: Archiv fiir Physiologie, 1882, p. 369. 
2? GASKELL: Loe. cit., pp. 106 and 108. 
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a solution of sodium chloride. If this was omitted, as in the case of 
the strip in the moist chamber, the rhythm failed to appear. Hence 
this rhythm must be attributed to the salt solution and not to the 
electric stimulation. The heart strips in these experiments were 
subjected to the tetanizing currents twenty-four or more hours, and 
some of them developed certain peculiarities that are worth mention- 
ing. In a series of twelve experiments five tetanized strips in the 
moist chamber not treated with sodium chloride solution showed a 
marked loss of tone, and no other change was visible for the twenty- 
four or more hours that the experiment lasted. But seven of the 
twelve under the same conditions developed rhythmical variations in 


FIGURE 3.— The tone changes seen in a heart strip stimulated by tetanizing shocks. 


tone of a striking character. These variations are dependent on the 
electrical stimulation, for they stopped when the tetanizing shocks 
were discontinued. Such tone variations are usually irregular, but at 
intervals for a short time they may be so regular in a tracing as to 
simulate a real cardiac rhythm, so much so that at first I was inclined 
to believe they constituted a very slowrhythm. They vary in strength 
from extremely small undulations up to those that are one-third or 
one-fourth as strong as the contractions seen in a true rhythm 
(Fig. 3). There is good evidence for believing that this phenomenon 
is distinct from what we ordinarily call the cardiac rhythm. For one 
thing, its rate is different in all cases. In those instances where these 


changes occurred most rapidly they were seen at the rate of one un- 


dulation in one minute, Ordinarily they were slower, say one in 


twenty minutes. I have never seen the cardiac tissue of the turtle 
under the same conditions beat with a rhythm as slow as this. Bute 
aside from this, there is good proof of another kind that these changes 
are not a true rhythm. When a strip showing these tone changes is 
treated with a sodium chloride solution, the tone changes persist 
and a true rhythm develops on top of them, and for a time both can 
be seen; the true rhythm with its rapid beats is superimposed on the 
slower tone changes without affecting the latter. It is surprising 
how easily the true rhythm can be added to the tone changes. In 
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one experiment a strip had been showing the 
twenty-eight hours, when five drops of sodium chl 
permitted to fall over the strip and five minutes 
showed a good regular rhythm. Experiments like 
most striking manner the importance of sodium 
rhythms. And if possible, it is more striking in 
that are absolutely rhythmless for forty-eight hor 
immediately begin beating when the sodium chlorid 

Blood pressure tracings frequently show undulations that have 
about the same relation to the heart beats as these tone changes have 
to the rhythm in tetanized heart strips. In the blood pressure tracing 
the undulatory variations in pressure have been explained in variou 
ways. These experiments would seem to indicate that the | 
tissue under certain conditions works in a way to produ 
effect, and this precludes the explanation that refers 


to peripheral circulatory changes. 


MECHANICAL AGENTS AS RHYTHM PRODI 


There is an extensive literature supporting the 
pressure or tension of the heart walls will modify 
produce rhythmic action in the non-beating apex. 
l 


Luchsinger! were among the first to call attenti 


Gaskell * has applied the idea to the heart strips. 


heart strip merely suspended in a moist chamber without the appl 


tion of any foreign liquid will after a time begin to beat rhythmical 


Professor Gaskell has personally assured me 

term “foreign liquid” he did not include sodium chl 

used this to prevent his preparations from drying. 

statement the evident source of the rhythm seen un 

tions described. I have repeatedly suspended heart stri 

chamber, and have never seen one show a rhythm without 

moistened with sodium chloride, and I have hardly ever seen 

a strip fail to beat rhythmically when supplied with this soli 

The same is true, no matter how the tension is varied by changin: 

the weights from exceeding light to heavy. We have here instances 
and LUCHSINGER: Archiv fiir die gesammte Phy 

» 232. 
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of the failure of uniform tension to produce a rhythm, and we must 
again refer the rhythm that appears under such conditions to the 
sodium chloride solution used along with the tension. Nor is inter- 
mittent tension any more efficient. Sometimes when a heart strip is 
immersed in a solution of sodium chloride it will not beat for a long 
time. Such a strip, if alive, can nearly always be made to beat by 
simply giving the far end of the lever a light sharp tap. This 
quickly stretches the strip and arouses it to rhythmic activity. Such 
a procedure can be repeated for hours with a strip deprived of sodium 
chloride without causing a rhythm to appear, but it very quickly 
appears in a strip simply suspended in air and similarly treated, pro- 
vided-it is kept moist with a solution of sodium chloride. It has been 
claimed that suspension tension in a heart strip is not comparable to 
hydrostatic pressure in the heart cavities, but judging from the analogy 
of stripped muscle, such tension should put the strip in good physio- 
logical condition, and so help it to develop its rhythm, if this were 
possible, without the sodium chloride solution. 

So far as I am aware, all experiments on the heart or the apex 
which have demonstrated that tension could produce rhythmic 
activity have been made with structures filled with sodium chloride 
solution, blood serum, or a salt solution having equivalent powers. 
There is no reason, then, to attribute results to the mechanical agent 


in such cases. 


CHEMICAL AGENTS. 


In this paper no attempt will be made to discuss the various 
chemical agents that are said to produce rhythmic activity. They 
are so numerous and important as to warrant a special paper. We 
may justly call attention to this point. The preceding experiments 
would justify skepticism regarding the powers of any chemical, when 
that chemical’s claims to insertion in the class of rhythm producers 
rest on experiments in which a solution of sodium chloride has been 
used or blood serum. And if the literature of the subject is re- 
viewed, it is surprising how few the experiments are with chemi- 
cals that are not open to this objection. It would seem probable 
that those agents which, when used with a solution of sodium 
chloride, develop a rhythm are not necessary rhythm producers, but 
simply substances that do not interfere with the action of the sodium 
chloride. 
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CONCLUSION. 


It would seem that certain agents, such as the constant current, 
induction shocks, and mechanical tension, which have been considered 
capable of producing activity in heart strips, owe their power to the 


solution of sodium chloride used with them. 
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ON THE ACTION OF ADRENALIN ON THE 
CEREBRAL VESSELS. 


By CARL J. WIGGERS. 


[From the Physiological Laboratory of the University of Michigan.] 


a J)UGH the constricting effect of adrenalin upon the ves- 

sels of most-organs of the body has been conclusively demon- 
strated, its exact action on the cerebral vessels, owing largely to the 
difficulties attendant upon a study of the cerebral circulation, is still 
a matter of dispute. 

Bayliss and Hill! could discover no constricting effect of adrenalin 
as manifested either in a change of intracranial or cerebral venous 
pressure; nor could Hill and Macleod,? later, either by direct inspec- 
tion of the pial vessels or by measuring the pressure in the Circle of 
Willis, convince themselves that adrenalin had any active effect on 
the cerebral vessels. Gerhardt,’ observing that an injection of adre- 
nalin caused, at the same time, a rise of pressure in a jugular vein, a 
fall in a renal vein, and a dilation of the retinal vessels, concluded that 
nothing more than a passive dilation occurred within the cranium. 
The experiments of Spina‘ gave a similar impression, for he noted an 
increased hyperemia and bulging of the brain from the trephine hole, 
together with an increased outflow rate from a cerebral vein. In 
addition, however, he noted that these phenomena became more 
marked if the cervical cord was cut previous to the injection, the 


degree depending on the height at which the cord was cut. He ex- 


1 Bay iss and HILv: Journal of physiology, 1895, xviii, p. 334. 

2 Hitt and MAcLEopD: Journal of physiology, 1901, xxvi, p. 394. 

®§ GERHARDT: Archiv fiir experimentelle Pathologie und Pharmakologie, 1g00, 
xliv, p. 161. 

* Spina: Archiv ftir die gesammte Physiologie, 1899, Ixxvi, p. 204; Wiener 


klinische Wochenschrift, 1897, x, p. 1047. 
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plained this by assuming the removal of a normally acting vasomotor 
influence. 

Opposed to these experimenters are those who obtained, what 
seemed to them at least, results indicating an active constriction of 
the cerebral vessels by adrenalin. Thus Pick! found that an injec- 
tion of adrenalin caused a diminution in outflow from the external 
jugular vein; and Cyon? noted that it caused a blanching of the 
dura. Biedl and Reiner * recorded a temporary decrease in drop-rate 
from a cerebral vein and an increased pressure in the Circle of Willis, 
after a direct injection of adrenalin. Last year Kahn‘ reported 
that adrenalin, injected into the cerebral end of the internal carotid 
caused a temporary constriction of the retinal vessels, followed by 
a dilation; v. Neujean® found that the combined outflow from the 
external and internal jugulars was diminished by the drug; and 
Brodie and Dixon hint at positive results in their paper.’ This 
year Wiechowski‘ from pressure measurements in the cerebral end 
of the internal carotid, also, ascribes to adrenalin the power of con- 
stricting the cerebral vessels. 


METHODS OF STUDYING THE CEREBRAL CIRCULATION. 


Perhaps no other organ of the body is less adapted to an experi- 
mental study of its circulation than the brain, and consequently a 
large number of ingenious methods have been devised in attempts to 
overcome the attending difficulties. Each one of these methods, 
however, regardless of the technical accuracy displayed in their em 
ployment, can be placed into one or more of several groups according 
to the experimental principle involved. These principles, seven in 
number, are: — 


1 Pick: Archiv fiir experimentelle Pathologie und Pharmakologie, 1899, xii, 
399. 

2 Von Cyon: quoted by v. Neujean. 

8 BrEDL and REINER: Archiv ftir die gesammte Physiologie, 1900, Ixxix, 
p- 158. 

4 Kaun: Centralblatt fiir Physiologie, 1904, xviii, p. 153. 

6 y. NEUJEAN: Archives internationales de pharmacodynamie et thérapie, 1904, 
xiii, p. 67. 

* BropieE and Dixon: Journal of physiology, 1904, xxx, p. 476 

7 WIECHOWSKI: Archiv fiir experimentelle Pathologie, 1905, lii, 5, p. 
Centralblatt fiir Physiologie, 1905, xix, p. 178. 
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1. Direct inspection of the pial vessels; employed by Schiff,' Callenfels,? 
Ackermann,’ Nothnagel,* Riegel and Jolly,® Cramér,® Dogiel,’ Krauspe,® 
Hill and Macleod,’ and Spina."° 
2. Recording the intracranial, or cerebro-spinal pressure changes ; employed 
by Falkenheim and Naunyn," y. Schultén,'’* Salathé,'* Dean,"* Biedl 
and Reiner,’® and Hill.’® 
Recording the changes in diameter of the brain, employed by Roy and 


Sherrington.” 

4. Recording the changes in cerebral venous pressure ; employed by Hill ' 
and Gerhardt."* 

5. Determining the changes in rate of venous outflow from the brain ; em- 
ployed by Biedl and Reiner,’® Gaertner and Wagner,’ Spina,’® Pick,” 
v. Neujean.”* 


1 ScuiFF: Untersuchungen zur Physiologie der Nerven System. 

2? CALLENFELS: Henle und Pfeiffer’s Zeitschrift, vii, quoted by Nothnagel. 

8 ACKERMANN: Archiv fiir pathologische Anatomie und Physiologie, 1858, 
XV, p. 

* NoTHNAGEL: Archiv fiir pathologische Anatomie und Physiologie, 1867, xl, 
p- 203. 

5 RIEGEL and JoLty: Archiv fiir pathologische Anatomie und Physiologie, 
1871, lii, p. 218. 

6 CRAMER: quoted by Spina, Inaugural Dissertation, Dorpat, 1873. 

7 DoGIEL: quoted by Hill, The Physiology and Pathology of the Cerebral 
Circulation, 1896. 

8 KRAUSPE: Archiv fiir Physiologie, 1874, lix, p. 472. 

® HILL and MACLEOD: Journal of physiology, 1901, xxvi, p. 394. 

10 Spina: Archiv fiir die gesammte Physiologie, 1899, Ixxvi, p. 204; Wiener 
klinische Wochenschrift, 1897, x, p. 1047. 

11 FALKENHEIM and NAuUNYN: Archiv fiir experimentelle Pathologie und Phar- 
makologie, 1887, xxii, p. 261. ; 

12 Von SCHULTEN: Archiv fiir Ophthalmologie, 1884, xxx, 3, p. 1; Archiv fiir 
klinische Chirurgie, 1885, xxxii, p. 455. 

18 SALATHE: Traveaux du laboratoire de Marey, 1876. 

14 DEAN: Journal of pathology, London, 1892, i, p. 26. 

16 BiEDL and REINER: Archiv fiir die gesammte Physiologie, 1900, Ixxix, 
p- 158. 

16 Hitt: The Physiology and Pathology of the Cerebral Circulation, 1896. 

17 Roy and SHERRINGTON: Journal of physiology, 18go, xi, p. 85. 

18 GERHARDT: Archiv fiir experimentelle Pathologie und Pharmakologie, Igoo, 


xliv, p. 161. 
19 GAERTNER and WAGNER: Wiener medicinische Wochenschrift, 1887, pp. 


602, 639. 
2° Pick: Archiv fiir experimentelle Pathologie und Pharmakologie, 1899, xlii, 


P. 
21 y. NEUJEAN: Archives internationales de pharmacodynamie et thérapie, 1904, 


xiii, p. 67. 
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6. Measuring the pressure changes in the Circle of Willis; emp! 
v. Schultén,? Arloing,? Hiirthle,® Cavazzani,‘ Biedl and R 
Francois-Franck.® 
Measuring the changes in rate of outflow from the Circl f W 


employed by Je nsen.’ 


With such masterful Ciscussions and criticisms of these principles 
and the methods of employing them as are given us in the writi 
of Hill® and Biedl and Reiner,® anything more than a brief dis- 
cussion of a few points appertaining directly to this research is 
unnecessary. 

The results of these experimenters, whether obtained by dire 
observing the color or calibre changes in the pial vessels, or by 
recording changes in the diameter or volume of the brain, changes in 
the cerebro-spinal, cerebral arterial, or cerebral venous pressures, or, 
lastly, changes in the rate of arterial or venous outflow, are all based 
on changes in the flow of blood in the cerebral vessels. As this, 
however, is not alone governed by local constriction or dilation, bu 
markedly modified by changes in general arterial and venous pres- 
sures, it follows that the stimulation of any nerve acting on the general 
vascular system or the injection of any drug with a similar acti 
may passively so modify the cerebral circulation as to obscure any act 
reaction that might occur. To determine whether the cerebral change 
was active or merely of such a passive nature, certain workers have 
recorded changes in general arterial and venous pressures synchro- 
nous with the cerebral change. While much information is given by 
this procedure when applied to organs in which a marked reaction 
occurs, its differentiating value is decidedly limited when active vaso- 
motion is but weak, as in the brain. Here a cerebral change oppo- 


ut 


site in direction to what the general pressure change would induce, 


can hardly be expected, and hence changes alike in direction canno 


be interpreted as proving the absence of active cerebral vasomotion 


1 Von SCHULTEN: Archiv fiir Ophthalmologie, 1884, xxx, 4, p. 61. 


2 ARLOING: Archives de phvsiologie. 15069, p- 115 


8 HURTHLE: Archiv fiir die gesammte Physiologie, 1889, xliv, p. 57 
* CAVAZZANI: Archives italiennes de biologie, 1891, xvi, p. 23; Central tt fir 
Physiologie, 1895, viii, p- 25 
BIEDL and RENER: Archiv fiir die gesammte Physiologie, 1900, xxix, 
6 FR ANCOIS FRANCK: Journal de ] ] vsiologie et de pathologie c rai I ie) 
i, p. 1206. 
7 JENSEN: Archiv fiir die gesammte Physiologie, 1904, ciii, p. 196 


§ HILL: The Physiology and Pathology of the Cerebral Circulation, 15o/ 
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To become more specific, an increased hyperemia, an increased vol- 
ume of the brain, an increased intracranial or cerebral venous pres- 
sure, an increased rate of flow from a sinus or an increased pressure 
in the Circle of Willis, occurring with a rise of general arterial and a 
fall of general venous pressure, either signify that the cerebral vessels 
have no power to respond actively to stimulants and that they passively 
follow the general pressure changes, or that the cerebral vessels do 
actively contract, but too weakly to counteract the passive influence of 
general pressure change. As long as we possess no unit by which de- 
gree of change in the general and cerebral circulations can be com- 
pared, we possess no means of determining which of these conditions 
obtains. Asa corollary to these statements, it follows that the only 
way to obtain results free from passive influences is to remove the fac- 
tors producing them; and then the method of measuring the cerebral 
change is of small import provided only that it is practical to apply. 

When the rate of outflow from the cerebral veins is used as a cri- 
terion of cerebral vasomotion, it is essential that the entire outflow 
be measured, unmixed with fluid from other regions. The conclu- 
sions of those experimenters who felt justified in estimating the out- 
flow from the cranial cavity by measuring the flow in some such veins 
as the facial or external and internal jugulars, are of course entirely 
without value, as these veins drain so many extracranial areas. Nor 
is the measurement of a portion of the cerebral outflow, even if direct 
from a sinus, reliable, as the rate of flow from such an opening must 
vary with any change of resistance in the natural outflow channels. 
A synchronous record of the general venous pressure, as Hill sug- 
gests, would only aid if this were found not to vary; otherwise, as be- 
fore pointed out, it would possess no differentiating value. But, even 
were one willing to agree with the assertion that the influence of this 
resistance change can practically be neglected, provided the resistance 
at the artificial opening be small, there would still remain other fac- 
tors which in themselves are sufficient to rob the method of any value 
it might otherwise possess — the abnormal conditions produced by 
continually lessening the volume of blood in the animal and the vari- 
able and uncontrollable general pressures that must have accom- 
panied such experiments. 


METHOD EMPLOYED IN THIS RESEARCH. 


In this research the pressure in the arteries supplying the brain 
as well as the resistance to venous outflow was maintained constant 
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by perfusing the isolated brain with an artificial circulation fl 

and the entire outflow from the brain was accurately recorded 
The artificial circulation apparatus. — The apparatus by means 

It cor 


sists of three communicating bottles which I have termed, respec- 


which the perfusion was accomplished is shown in Fi 


4 
f 
\ 

H 

FIGURE 1. — Diagram of apparatu A, the outflow recording apparat 

drips by funnel V and is let out by side tube Z. BB, an oxygen bottle mmwu 
by tube A’ with a pressure bottle (not shown), and by tube .1/ with 
D, the small reservoir from which tube Y was filled while flu nued to flow 
through tube X. _/, and S, stopcocks referred to in description 
nected with a cam actuated by a motor. //,a tube connected with a Ox 
container (not shown) from which fluid in 2 was saturated with oxyge / mer 
cury manometer measuring the lateral pressure in tube A’ leading to the head 
above the funnel Y by a clamp. F, a loop of smoked paper revolvi 
On this were written curves O by the mercury manometer, 7’ by the outtlow 
ing apparatus, and A’ by the time signal. G, water batl 7a 


1 


tively, the pressure, gas, and solution bottles. The pressure bottle 
(not shown in diagram) was so arranged that air could enter, to dis- 
place the ouiflowing water, only through a tube projecting nearly to 
the bottom, thus, on the principle of the Marriotte flask, maintaining 
a constant pressure level. The height of this bottle was varied by 
means of a rope and pulley. Water flowed from an opening near the 
bottom of this bottle into the gas bottle (2), and displaced the oxygen 
that it contained to the bottom of the solution bottle (C ). Here it 
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saturated the Locke’s solution by bubbling through it and then 
created a pressure to drive it on. 

As already intimated, the perfusion fluid generally used was 
Locke’s solution, made according to the fermula given in the Cen- 
tralblatt fiir Physiologie, 1900, xiv, p.670. In some few experiments, 
however, blood drawn from the animal, defibrinated and diluted two 

times with Ringer’s solution was substi- 

hi tuted, and the oxygen in these cases sup- 

=/ \ planted by air. The temperature of the 
2 \\'° solution, as indicated by a thermometer 

al . 2 Hi (7), was maintained at 40° C. by placing 
4 the solution bottle and outflow tubes (X 
and in a water bath. Through these 
lis “latter tubes fluid reached the stopcock 
<7 (S), which was alternately opened and 
is closed by a rod and cam driven by a 
Y motor. This supplied the brain with a 
pulsating current which at least minimized 

the edema always associated with perfusion 
experiments. A small amount of glass 

wool introduced just before the moving 

Ficure 2,.—Scheme of thecere Stopcock (S) kept back small bubbles such 
bral circulation, drawn from as appear on the sides of tubes when fluid 


injected arteries. 4, the basi- jn them is heated. This apparatus sup- 
lar; W,the Circle of Willis; 


7 C. the internal carotid, Pied, at a constant temperature and pres- 
= 1 carotid; 


/. O., the internal ophthalmic; SUTe, a pulsating stream of fluid containing 
/-P’, level of anterior border such salts, nutrient material, and oxygen, 
of pons; \’and 4”, points of as are required to sustain the life of cells 
ligation of the internal caro- f es Thi 
tids. Y,the point where the or a considerable time. This was testec 

cannula was inserted. by control experiments on the heart and 
kidney. 

Method of establishing the cerebral circulation. — A large number of 
preliminary experiments convinced me that it is impossible to limit 
the circulation to the brain by means of an extracranial insertion of 
the cannula. The paths of collateral circulation are too many and too 


inaccessible to be excluded by ligation. This becomes evident on 


considering the anatomical relations of the cerebral vessels. 

The basilar artery in the dog (Fig. 2) arises in the lower medul- 
lary region from a circular, more or less anastomosing arrangement 
of blood vessels, supplied by the vertebrals and the cerebro-spinal 
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arteries, sub-branches of the occipitals. After coursing straight for 

ward and supplying the medulla and cerebellum, the basilar artery 
divides at the anterior border of the pons and forms the Circle of 
Willis with the internal carotid. This artery, after it has passed 
through the bony carotid canal, passes forward in the carotid sulcus 
within the cranial cavity, and gives off several branches before pierc- 
ing the dura. First, it gives off one or two small branches anasto 

mosing with the middle meningeal, and then, at about the same level 
that the basilar artery divides, a somewhat larger internal ophthalmic 
branch. The chief ophthalmic artery in the dog is derived from the 
internal maxillary. 

Thus the inaccessible anastomoses of the internal carotid with the 
vessels of the orbit and middle meningeal, and of the vertebrals with 
the cervical vessels, render the sole perfusion of the brain impossible 
unless these communications are ligated intracranially. This was 
done in this research. A large dog, morphinized by the injection of 
5 grains of morphine sulphate and for just a moment completely an- 
esthetized with ether was quickly decapitated. The head was then 
roughly and speedily skinned, and the trachea, tongue, and superfluous 
muscles rapidly cut away. The base of the skull was then sawed and 
broken open as far forward as the anterior border of the pons. 
Some seven minutes were required for this portion of the work, 
but the second part of the operation progressed more slowly. This 
consisted in chipping away the bones on both sides of the pons 
so as to expose to view the internal carotid with its branches. Just 
anterior to the origin of the internal ophthalmic branch, both internal 
carotids were ligated (Fig. 2, Y), and a cannula then inserted into 
the basilar artery at Y. The entire operation required from fifteen 
to thirty minutes; and as far as could be learned from injection there 
remained no possible channel by which an extraneous communication 
with the cerebral vessels could occur. Thus all the fluid entering the 
basilar artery through the cannula had to pass through the vessels of 
the brain. 

Method of obtaining and recording the venous outflow. — With the 
venous sinuses at the base of the skull destroyed by the operation, 
the total venous outflow was obtained by the following method: 
When ready for perfusion, the head was clamped in the nose-up 
position above a perfectly clean funnel connected with an apparatus 
which measured the outflow from the cerebral veins. The fluid, 
carried by gravity, dripped from the most dependent portion of the 
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preparation into the funnel. In this manner all the fluid passing 
through the brain, whatever the path taken after it left the smaller 
veins, was finally collected, measured, and graphically recorded. 

The apparatus by means of which the recording was accomplished 
is labelled (A) in Fig.1. It may be described as a U tube with its left 
limb continued downward. Fluid collecting into the right limb of the 
tube from the funnel, maintained a constant level in both limbs of the 
tube as long as the side tube (Z) was open. When this was closed 
by a shut-off, the fluid rose in both limbs of the U, and in so doing 
carried with it, in the left limb, a cork float provided with a thin glass 
rod carrying a writing point, which traced a vertical line upon a smoked 
surface. The float was kept from sucking against the sides of the 
tube by means of two guides. The upper one, capping the top of 
the left limb, guided the glass rod bearing the writing point; while the 
other, placed below the float, guided a downward continuation of this 
rod. Callibration showed that each c.c. of fluid leaving the prepara- 
tion caused a vertical record of 5 m.m. on the drum. Thus 20 c.c. of 
fluid could be recorded in one continuous record, and then a new one be 
rapidly started after depleting the instrument through the side tube. 

On each curve there were also recorded, as Fig. 1 and the curve of 
Fig. 3 show, by an electric signal the time in seconds, and by a mer- 
cury manometer the oscillating lateral pressure in the tube supplying 
the basilar artery. The pointers were so arranged that the line writ- 
ten by the time signal supplied the zero line for the pressure curve. 

Method of introducing the adrenalin.— It was essential that the 
adrenalin be so introduced as not to alter the general character of the 
circulating fluid, its temperature or pressure. Fig. 1 shows how this 
was accomplished. Fluid from the solution bottle could arrive at the 
moving stopcock (S) either through tube X or Y, depending on which 
way the double stopcock (/) was turned. While fluid continued to 
flow through tube X the adrenalin was introduced into tube Y in the 
following manner: The adrenalin (P. D. & Co.’s solid preparation) 
was dissolved in Locke’s solution by heating, and then placed in the 
small reservoir (2), and saturated with oxygen through tube //, which 
connected with a second oxygen bottle. By then opening stopcock / 
and so turning the double stopcock 7 as to be in external communica- 
tion, tube Y filled itself. The stopcocks were then closed. The solu- 
tion, introduced quite warm, was allowed to acquire the temperature 
of the water-bath, and then stopcock J rapidly turned from path 
to path Y while the moving stopcock S was closed. 
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RESULTS AND THEIR DISCUSSION 


Ten successful experiments were so performed that subsequent 
injection proved that the cerebral vessels had no extracranial com 
munications. In every case the constricting effect of adrenalin was 
sufficiently marked to be evident at the time of the experiment. After 


a variable latent period (partly due to the fact that 1oc.c. of fluid had 
to be displaced before the adrenalin reached the cerebral vessels) the 


“ 
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FIGURE 3. — Portion of a record taken on March 4, 1905, showing the effect of adrenalin 
MM, the record of oscillations from mercury manometer; /1.1/, line written by the 
drip recording apparatus; 7:5, time in seconds; 4-/ drawn to show the change in 
angle assumed by outflowcurve. Lines C, 2, /#, and / drawn by prolonging the 


ascending and descending limbs of two separated oscillations. While lines ) and F 
are practically parallel, the differences in slant of C and £ are apparent 


outflow curve presented certain characteristic changes. Fig. 3, which 
is a portion of such a record, illustrates their general character. The 
line traced by the drip-registering apparatus assumed a more acute 
angle, and the small oscillations of this line, representing the individ 
ual drops coming from the preparation, followed each other much less 
rapidly, indicating a diminution in outflow rate. As the tracing of the 
mercury manometer showed no change of pressure to account for 
this diminution, it could only signify an active constriction on the 
part of the cerebral vessels. 

Additional proof of constriction was found in that the oscillations of 
the mercury manometer changed in size and form. Fig. 3 illustrates 
how these oscillations markedly decreased in size, and also how much 
more gradual the descending limb of an oscillation became. The 
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reasons for assuming that this represented evidence of cerebral con- 
striction are clear. When fluid is supplied to the brain under a con- 
stant central pressure regularly interrupted by a stopcock, as in this 
apparatus, the mercury column of a lateral pressure manometer will 
rise whenever the stopcock is opened and fall during the period it 
remains closed, for the tubes are then drained of their fluid by the 
cerebral vessels. The extent and rate of the fall depend on the 
amount of fluid allowed to flow through the cerebral vessels during 
the diastolic period, and this in turn is governed solely by the degree 
of constriction present. 

To sum up, each curve contained four proofs that a constriction 
followed the injection of adrenalin, each one checking the other. 
These proofs were, on the venous side, the diminished outflow volume 
and the slower succession of individual drops; and on the arterial 
side, the diminution in size of the pressure oscillations and the more 
gradual fall in pressure during the diastolic period. 

After having been fixed and dried, the curves were mathematically 
analyzed. At equal intervals of time (usually thirty seconds) ordi- 
nates were drawn intersecting the outflow curve and, from each such 
point of intersection, lines perpendicular to these were extended as far 
as the ordinate following. Jn this mannér the actual vertical height 
to which the float had risen during such time intervals could) be ex- 
pressed in millimetres and compared with other periods by plotting 
these values in curve form. Curves II and III of Fig. 4 show such 
curves. Curve II evidently shows that the injection of adrenalin at 
a period when the outflow rate was practically constant, caused, after 
a latent period of ninety seconds, a diminution in outflow rate from 
5 c.c. (25 mm.) to I c.c. (6 mm.) per thirty seconds, and that by 
subsequent perfusion with Locke’s solution this again increased to 
3 c.c. (16 mm.). 

These changes were closely followed by those of Curve I, which 
represent the variations in height of the arterial oscillations as they 
occurred from time to time. 

The fact was constantly observed in such plotted curves that the 
outflow never regained its former rate. Three possible causes for such 
a diminution must be considered : first, the pressure of an edema on 
the smaller vessels; secondly, the constricting effect of a gradual cool- 
ing of the head; and, thirdly, an after-action of the drug. 

Several facts are opposed to the assumption that the first of these 
factors was the cause of the diminished outflow. In the first place, 
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the edema in these experiments, owing to the use of a_ pulsating 
stream, was not very marked, and then edema, while it certainly pro 
duces a slowing in outflow rate, never does so as rapidly as these curves 
show. This was demonstrated by two control experiments 

The method has been severely criticised in this laboratory, in that 
no provision was made to keep the head warm, — an essential of all per 
fusion experiments. It was pointed out that the gradual cooling of 
the head might be the means 
of inducing a progressive con- 
striction. The writer, however, 
always maintained that no such : 
cooling occurred, because at the 
close of several experiments a 
thermometer pushed directly 
into the brain substance regis- 
tered a temperature only two 


or three degrees below that of Ficurr 4.— Plotted cur 
the perfusion fluid. In other ment made on Feb. 5,1 
. 1 sents changes in siz f arte 
words, the warm chamber was 
Oscillations. Irve ii Ss 
supplied by the skull, which con- changes in venous aeceee 4 
ducted heat but poorly. Yield- similar to Curve II represents a f data 
ing, however, to the criticism oe = latter part of the same experimet 
e abscissae t 
that evaporation from the small yates wive th wn than thet 
exposed portion resulted in a 5 mm. equals t cc. At 4 a in wa 
cooling, this was protected in tured on; at the max 
duced, and at C asec njection was mad 


two experiments by a small coil 
through which water at 50° C. flowed. As this yielded no different 
results, but only served to make the technic more awkward, it was 
abandoned for the former method of protection, — by covering this 
portion with a moist pad of cotton. At present I see no facts in 
support of the assumption that cooling was the cause of the dimin- 
ished outflow. 

It only remains, then, to assume that adrenalin possessed an after 
action. In harmony with such an assumption is the fact observed in 
several experiments and plotted in Curve III of Fig. 4, that a second 
injection of adrenalin produced a decrease to exactly the same point 
as the first, irrespective of the rate before the injection. 

It becomes interesting, at this point, to compare these results 
with those obtained by S. J. and C. Meltzer! in their researches 


1S. J. and C. MeLtzer: This journal, 1903, ix, p. 147 
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on adrenalin. These workers found a marked difference in the 
reaction of the ear vessels to adrenalin, when the vasomotor nerves 
to these vessels were intact and cut. These differences may be 
briefly reviewed. 


WHEN VASOMOTOR NERVES WERE WHEN VASOMOTOR NERVES WERI 
Cut. INTACT. 
Latent period before constriction Latent period before constriction 
occurred } to 2 minutes. occurred to to 15 seconds. 
Maximum constriction slowly Maximum constriction occurred 
reached. in a few seconds after onset. 
Constriction lasted for hours, some- Constriction lasted 4 to 7 minutes. 
times till next day. 
Never was there a dilation of ves- Constriction was followed by a 
sels beyond normal. dilation lasting several minutes. 


It is not necessary to more than indicate the general similarity in 
the results of these two researches. The reactions to adrenalin which 
these experimenters found characteristic of the ear vessels when 
deprived of their central nervous influence, are also manifested by 
the cerebral vessels, as the curves of Fig. 4 show, — the long latent 
period (thirty seconds when corrected for period of apparatus), the 
slow production of maximal constriction (four minutes, Curve II; six 
minutes, Curve III), and the long after-action. 

We can thus safely draw the conclusion that adrenalin acts upon 
the cerebral vessels to cause constriction in the same manner as on 
the vessels of other organs, and were one unquestioningly to adopt 
the view, so ably put forward by Brodie and Dixon,! that adrenalin 
acts on the nerve terminations and not on the muscular elements of 
the vessel walls, one might see in these results physiological evi- 
dence of cerebral vasomotor nerves. Elliott,? in a recent article on 
the action of adrenalin, makes the definite statement in his con- 
clusions: “ A positive reaction to adrenalin is a trustworthy proof 
of the existence and nature of the sympathetic nerves of an organ.” 
Certainly the reaction of the brain vessels to adrenalin is favorable to 
the view of the existence of cerebral vasoconstrictor nerves, and it is 
hoped that positive evidence on this important question may be soon 


obtained. 


1 Bropie and Dixon: Journal of physiology, 1904, xxx, p. 476. 
2 E.uiort, T. R.: Journal of physiology, 1905, xxxii, p. 466. 
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CONCLUSIONS. 

1. By perfusing the isolated brain under constant temperature and 
pressure with a suitable solution, and continuously recording the en- 
tire venous outflow, the effect of influences which alter the size of the 
brain vessels can be definitely ascertained. 

2. The application of an adrenalin solution to such a preparation 
and in such a way as not to introduce factors themselves conducive 
to outflow change, caused reactions which corresponded to those 
obtained from the vessels of other regions. 

3. These reactions, if induced through the stimulation of vasomotor 
nerve ends, as claimed by certain workers, supply physiological 
evidence of the existence of such nerves. 

This work has been carried on during the last two years under the 
direction of Dr. W. P. Lombard, whose many valuable suggestions 
have contributed largely to the success of the work. I take this 
opportunity to express my appreciation. 


A NOTE ON THE ELECTRIC CONDUCTIVITY OF 
BLOOD DURING COAGULATION. 


By ROBERT T. FRANK. 
[From the Pathological Laboratory of the College of Physicians and Surgeons, 
Columbia University] 


HE methods now in use for determining the coagulation time of 

the blood leave much to be desired. The most satisfactory 

apparatus is that of Brodie and Russell,’ which takes advantage of 

the fact that the red blood cells of a drop of blood, when agitated by 
an air current, revolve uniformly until fibrin threads begin to form. 

The present study was undertaken in the hope of elaborating a new 
method, which it was thought might serve to measure accurately the 
combination of physical and chemical changes occurring during clot- 
ting. This expectation has not been fulfilled, but the facts determined 
during the course of the work, though negative, were considered of 
sufficient interest to be recorded.” 

The theoretical considerations were based upon certain properties 
possessed by substances in the colloidal form, especially in their rela- 
tion to electrical conductivity. Fibrinogen, as found in the fluid 
blood, is a colloid, forming part of the other colloidal substances in 
the blood (albumens, globulins). Sjéqvist,> and Bugarszky and 
Tang! * have shown that albumens, when added to dissociable electro- 
lytic solutions, reduce their conductivity. Blood is such a mixture, 

1 BropIE and RUSSELL: Journal of physiology, 1897, xxi, p. 403. 

2 The experiments were performed during the winter of 1904. In the March 
number of this journal, 1905, appears an article by T. M. WILson, Measurement 
of electrical conductivity for clinical purposes, in which the author has tried a 
similar experiment, though only a single determination was made. The result 
is identical with mine. I desire to thank Prof. JouNn G. Curtis, of the depart- 
ment of physiology, and Profs. PRUDDEN and Woop, of the pathological depart- 
ment, for many courtesies extended to me. 

8 SjOqgvist: Skandinavisches Archiv fiir Physiologie, 1895, v, p. 277. 

* BUGARSzKY and TANGL: Archiv fiir die gesammte Physiologie, 1898, Ixxii, 
p- 531. 
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for it contains numerous electrolytes (carbonates, chlorides, sul- 
phates of sodium, potassium, calcium, etc.) in solution, and the above- 
mentioned colloids. Besides the dissolved constituents the blood 
contains solid particles (the red and white cells) in suspension. 

Oker Blum! found that the resistance of serum derived from 
coagulated blood was regularly greater than that derived from de 
fibrinated blood. G. N. Stewart? determined that the resistance of 
defibrinated blood is 3-5 times greater than that of serum; also that 
the settling of the blood corpuscles in defibrinated blood increases 
the resistance of the lower layers, because the corpuscles act as 
foreign, non-electrolytic bodies in suspension (Oker Blum).% This 
increase, due to settling of the corpuscles, can be neglected if the 
observations occupy but a short time. 

The first step of the writer’s research was to determine whether 
during the process of coagulation any change of conductivity would 
result, especially if the clot were left zz stu. It might be expected 
that the change from the colloidal fibrinogen to the solid fibrin would 
be accompanied by a change in conductivity. What form this change 
might take could not be predicted, as several as yet unstudied factors 
require consideration. 

As already stated, fibrinogen would act as a partial insulator. 
Actual experiment alone could show whether changing this substance 
into fibrin would increase the conductivity, or whether the new-formed 
fibrin, acting as a solid, would in its turn offer a greater obstruction 
to the current, for the above-mentioned results of Stewart and Oker 
Blum throw no light upon this. The small amount of calcium regu- 
larly removed from the solution (probably carried down mechani- 
cally) and incorporated in the clot, would likewise tend to increase 
the electrical resistance by reducing the amount of electrolytic 
substance in solution. 

The few investigations at all resembling those to be described are 
those of Van der Laan,’ dealing with the changes occurring in 
milk through acidification, or those of Buchinger,® which deal with 
similar changes brought about by pepsin, in which again the forma- 

1 OKER BLuM: See Hamburger, Osmotischer Druck und Ionen-Lehre, 1904, 
i, p- 477- 

2G. N. STEWART: Journal of the Boston Society of Medical Sciences, 1597, 
i, No. 16, p. 18. 

8 OKER BiuM: Archiv fiir die gesammte Physiologie, 1900, 

* VAN DER LAAN: Inaugural dissertation, Utrecht, 1896. 

5 BUCHINGER: Inaugural dissertation, Giessen, 1902. 


468 Robert T. Frank. 


tion of acids must be reckoned with; and those of Bredig?! and 
Lottermoser,? etc., who devised the preparation and studied the 
properties (among them the conductivity) of the metallic colloids and 
their insoluble hydrosols. Their results cannot be transferred or 
used in this connection. 

In the writer’s experiments the electrical conductivity was deter- 
mined by the method of Kohlrausch® and his smaller apparatus, 
with sliding bridge, was employed. Freshly drawn blood was caught 
in small vessels, paraffined to retard coagulation, and kept at constant 
body temperature until clotting was completed. The conductivity 
was determined at frequent intervals during the entire process. 
Electrodes of 2-3 sq. cm. surface, heavily platinized, were used. 
They were separated between 1-2 cm., depending upon the amount 
of blood obtainable. 

The result showed that there was no constant or appreciable change 
during coagulation. ‘This held good when the electrodes were placed 
at the uppermost level of the fluid or lower, where the well-formed 
clot interposed. The fundamental points of the study having thus 
proven negative, further experiments were not undertaken. 

Whether the amount of fibrinogen in blood is too small to show re- 
cordable changes with the apparatus used, or whether (which is 
unlikely) the numerous chemical and physical changes occurring in 
the complex process of coagulation, exactly neutralize each other, 
could not be determined. 

It might prove of interest to try similar experiments with simpler 
fluids containing fibrinogen in relatively larger quantities, such as 
hydrocele fluid or concentrated, artificially prepared solutions of 
fibrinogen. 


1 BrepiG: Anorganische Fermente, Leipzig, 1got. 

2 LorrERMOSER: Uber anorganische Colloide, Stuttgart, Igor. 

8 KOHLRAUSCH und HOLBORN: Das Leitvermégen der Elektrolyte insbeson- 
dere der Lésungen, Leipzig, 1898. 
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